


N ation�l Petroleum Council (EstabJisteJ by dte Secretary of tbe Interior) 
August 6, 1975 

My dear Mr. Secretary: 

On behalf of the members of the National Petroleum Council, I am pleased 
to transmit to you herewith the National Petroleum Council report PetPoZeum 
StoPage foP National Security, approved by the Council at its meeting on 
August 6, 1975. The attached study, which is in response to a December 31, 
1974 request from Assistant Secretary of the Interior, Jack W. Carlson, 
stresses the urgency of creating a crude oil national security storage system 
and recommends a plan for establishing a sound program. The recommended pro­
gram includes a 500 million barrel crude oil reserve held in U.S. Gulf Coast 
salt domes and connected to the existing and planned petroleum logistical sys­
tem. The Federal government's share of production from the Naval Petroleum 
Reserve at Elk Hills, C alifornia is recommended to form the bas.is of fill. 

Although determination of the optimum amount of crude oil that should be 
placed in the security storage system is based on numerous subjective decisions, 
the National Petroleum Council believes that a 500 million barrel program is a 

· sound objective. A substantially smaller volume would provide little ability 
to withstand an import interruption, whereas a much larger effort would be 
excessively costly in ter:ms of direct investment and diversion of manpower and 
materials from other needed areas. A much larger petroleum storage system 
would encounter diminishing added security benefits; and as the s ize of th e 
program increases, costs of oil placed in storage may well rise. Moreover, 
over the longer term, genuine security of supply can be obtained only by 
sharply reducing the Nation's dependence on imported fuel supplies. 

Based on refinery/logistical analyses, th e NPC recommends that a crude oil 
security storage system be developed. If a future interruption were all crude 
oil, only minor, readily covered product shortfalls would occur. In a 3 million 
barrel per day interruption of 60% crude oil and 40% r efined products, most 
product requirements could be met. The only potentia lly significant product 
shortfall calculated was on the order of 400 to 600 thousand barrels per day of 
residual fuel oil on the U.S. East Coast. A number of options, such as refinery 
yield flexibility, distillate blending, reduced demand and fuel conversions, 
were analyzed and considered probably adequate to cover s uch a shortfall. However, 
specific further steps are recommended to verify this conclusion. 

I would like to express the Council's concern over proposals which appear to 
provide quick security storage s olutions, for the Na tion must realize that no 
practical quick solutions exist and begin now on a comprehensive program such 
as the one proposed in this report. Attempts to implement near-term, temporary 
security storage could seriously dilute efforts to achieve the more meaningful 
ultimate program by prov-iding a false sense of security, misdirecting resources 
and confusing program priorities. In short, a make-shift program may be of 
less value than no program at all. 

It is imperative to underscore the urgency of the Federal government's 
proceeding immediately with a crude oil security storage program. The time 
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for studies is over and we must now proceed with specific impelmentation plan­
ning. This phase can be best expedited with least risk of costly mistakes and 
needless delays if major decisions are made with access to the knowledge of 
experienced industry personnel. Sound professional advice will be required 
on siting of storage and terminal facilities, sizing of storage pumps, pipelines 
and a host of related matters in order to assure the optimum integrati on of the 
security storage system into the U.S. petroleum logistical system. Provisions 
must be made for formal access to the expertise of the petroleum industry: 
The National Petroleum Council and the industry stand ready to provide whatever 
assistance possible. 

I call your attention to the recommendation of the Council that the Federal 
government own and control the entire crude oil security storage capability. 
Because the Council believes strongly that the free market system will provide 
the greatest degree of long-term energy security, the decision that the Federal 
government should own and control the entire security storage capability was a 
difficult recommendation to make. This recommendation reflects the fact that 
a national security petroleum storage program is designed to provide insurance 
against a threat to the Nation's economic well-being and to its military security. 
The beneficiaries of a security storage program are the Nation as a whole, its 
economy, and all its people in their roles as producers and consumers. Further, 
this recommendation reflects the very large financial burden of the program, 
the ownership of crude by the governmen t through production of Elk Hills, and 
the necessity of the private sector to devote its resources to the very formidable 
task of increasing domestic energy supplies. There simply is not enough money 
for the petroleum industry to undertake both efforts simultaneously. In the 
next several years, when a security storage system would be implemen ted, industry's 
capital requirement will double or triple. In fact, serious concern exists over 
the industry's ability to generate the required capital for needed energy resource 
development. 

In the design and implementation of a security storage program, we must also 
not lose sight of the real keys to long-term security of supply--the strenuous 
implementation of fuel conservation measures and a greatly expanded effort to 
increase production of domestic oil, gas, and other forms of energy. If we are 
able to take effective steps to reduce our dependency upon foreign energy supplies, 
we will most certainly minimize the danger of the crippling effects of import 
interruptions upon the U.S. economy and effectively reduce our future investment 
requirements in security storage. 

The National Petroleum Council sincerely hopes that this study will be of 
benefit to you and the Federal government in the difficult decision-making proc­
ess that lies ahead. 

Honorable Stanley K. Hathaway 
Secretary of the Interior 
Washington, D. C. 
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INTRODUCTION 

PURPOSE 

Pursuant to the December 31 , 1974 reque s t  from As sis tant S ecretary 
of the Inter ior , Honorab le Jack W .  Car l s on , the Nationa l Petro leum 
Counci l  (NPC ) pres ents herein its study of the maj or f actor s invo lved 
in the imp lementation of a secur ity s torage sys tem s imi lar to that 
recommended in the NPC report of September 1 0 , 1 9 7 4  ent i t led , Emer­
gency Preparedne s s  for Interruption of Petro leum Imports into the 
United State s.  In add ition to deve loping a more in-depth analy s i s  
than was pre s ented in the mater ial previous ly submi tted t o  the Sec­
retary of the Inter ior on thi s sub j ect , thi s  report focu s e s  on the 
logi s tical , economi c and environmenta l con s i derations of the program. 

Thi s  report f i r s t  analyze s  the NPC ' s  recommended crude oi l s torage 
sys tem from the s tandpoint of logi s tical and ref ining c apabi l i ties.  
The ab i l i ty of s uch a sys tem to cover spec i f i c  regiona l product short­
ages which might occur as  a result of an interruption o f  crude imports 
or a combinat ion of crude and product imports is evaluated to determine 
the need for supp lementary product s torage programs. Based on the 
conc lus ions of th i s  analy s i s , which show that the s ecur i ty s torage 
sys tem s hould be f i l led predominantly with crude o i l , the pos s ib l e  al­
ternative sources of f i l l  are then d i s cu s s ed. The phy s i c a l  s torage 
fac i l ities and their a s s o c i ated costs have been d i s cu s s ed in pre-
vious NPC reports (!) and are updated in light of current techno logi­
cal and economi c condit ions with emphas i s  on environmental protection . 
A s torage program of the magni tude env i s ioned by the NPC could have an 
ini tial cost in exces s of $ 7  b i l l ion. The financ ing prob lems o f  such 
a sys tem are ana lyzed and various a lternative s are s ugge s ted. S ince 
the Federal Government wi l l  be invo lved throughout the deve lopment and 
operation of a petroleum security s torage s y s tem , a number of actions 
that the government could take to expedi te implementation are identi­
fied as we l l  as  s ome of the ef fects of governmental inaction. Finally , 
the recommended s ecur i ty s torage sys tem i s  compared with that main­
tained by other nations and wi th that s ugge s ted by internationa l agree­
ment. 

It is intended that thi s  report present pertinent po l icy options 
and their impl ications to a s s i s t  the Secretary o f the Interior in his 
de l iberation s regarding the implementation of  a s ecuri ty s torage 
system . The options are numerous and the co sts in absolute terms are 
high . By des ign thi s  report has not addre s sed a l l  conce ivab le options , 
but i s  focused on tho se options the Counci l be l i eves would of fer the 
Nation the lowe st co s t  and greatest overa l l  bene f i t . 

{1 ) Underground Petro leum Storage Fac i l ities , 1 9 52 .  Emergency 
Preparedness  for Interruption of Petro leum Imports into the 
Un ited State s , Inter im Report , July , 1 9 7 3 , and F inal Report , 
September , 1 9 7 4 . 

1 



BACKGROUND 

NPC Repor ts 

On September 1 0 , 1 9 7 4 , the National Petroleum Coun c i l  approved 
and transmi tted to the Secretary of the Inter ior a report enti tled , 
Emergency Preparedne s s  for Interruption of Petro leum Imports in the 
United State s . That report was made pur s uant to reques ts from the 
Secretary of the Inter ior in December , 19 7 2 , and January , 1 9 73 ,  asking 
the Counc i l  to examine options that may be avai l ab l e  to the United 
S tates in the event that s upplies of imported petroleum- - up to 3 mi l­
lion barr e l s  per day (MMB/D)- -were interrupted for a period of up to 6 
months . The September Report outl ined a number o f  options for an over­
a l l  program of emergency preparednes s  whi ch wou ld inc lude measures for 
energy consumption reduc tion , conver s ion to a l ternate fue l s , additional 
oi l and gas production , and maintenance of emergency s tandby petro leum 
suppl i e s . The Counci l  concluded that whi le a l l  four avenues s hould 
be pur sued vigorous ly ,  a s tandby petro leum res erve would be the 
major factor in compens ating for a future embargo or s upp ly inter­
ruption . 

In the September Report , the Counci l s tated : 

I t  i s  c lear that a sub s tantial volume o f  petro leum s e ­
curi ty s torage i s  needed wi thin the Uni ted S tates and 
that effort s  to imp lement s uch a program s hou ld begin 
immediate ly becaus e of the long cons truc tion lead time 
invo lved. 

Further , the Counc i l  s tated that its s tudy "indicates that 5 0 0  MMB 
of crude s tor age in combination with norma l ly avai l ab l e  i nventories 
wi l l  provide 9 0  to 1 8 0  days of s upply for a large percentage range 
of crude imports pres ently fores een . "  

In a l etter dated Dec ember 31, 1 9 7 4 , the As s i s tant S ecretary of 
the I nterior , Honorab le Jack W. Car l son , c ited the recommendat ion of 
the Counc i l  for a secur ity s torage reserve and reque sted the Counc i l  
to : 

• . •  under take a s  a matter of urgency a s tudy of the major fac­
tor s invo lved in the imp lementation of a s ecur i ty s torage sys­
tem • • • •  Your analys i s  snould inc lude , but not nece s s ar i ly be limi­
ted to , di s cus s ions of;" the optimum s ize of the s ecur i ty s torage 
sys tem in terms of total vo lume and de l iverab i l ity; the alter­
native s ava i lab l e  for providing thi s  storage as  exped i t i ou s ly 
a s  po s s ib l e ; the financing prob lems whi ch could be expe cted to 
ar i se; the source s and type s o f  f i l l  for the storage ; and 
Federal actions that could a s s i s t  in expedit ing the deve lopment 
of the security s torage sys tem as we l l  as Federal action s  that 
might de ter deve lopment. In addit ion your ana ly s i s  should 
inc lude d i s cu s s ions of the relative needs for crude versus 
product s torage a nd any spec i f i c  geographi c a l , log i s t i c a l  or 
environmental prob lems which you wou ld anticipate to be encoun­
tered were the Nation to be confronted wi th another energy emer­
gency . ( See Appendix A for Reques t  Letters . )  
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The Committee on Emergency Preparedne s s  o f  the Nat iona l Petroleum 
Counc i l  wa s reactivated and charged with prepar ing for the Counc i l ' s  
cons ideration a report in re sponse to the Secretary of Inter io� ' s  
reque s t . The Committee was chaired by Carrol M .  B ennett , Chairman 
of the Board , Texas P ac i f i c  O i l  Company , and as s i s ted by the Coordin­
ating Subcommittee , chai red by Edward T .  DiCorc i a ,  As s i s tant General 
Manager , Supp ly Department ,  Exxon Company , U . S . A .  ( S ee Append ix B 
Commi ttee Ros ters . )  

Embargo Exper ienc e s  and Long -Term Supp ly/Demand Out look 

F rom mid-October ,  1 9 7 3 ,  to mid-March , 1 9 7 4 , the Uni ted S tate s 
exper ienced an embargo o f  o i l  s hipment s by a numbe r  of exporting 
countrie s ,  the fourth s udden o i l  import s toppage of po l it i c a l  origin 
in the past 2 5  ye ar s . Th i s  was the f i r s t  t ime the country found 
its e l f  without spare dome stic produc ing capacity to o f f s e t  s uch 
interruption s , and shortage conditions re sul ted . The embargo sharply 
reduced the amount of o i l  exported to the Un ited S tate s and other 
countr ies  and , at the s ame time , wor ld pr ices for crude o i l  and 
petro l eum products e sca lated . However , the e f fects of the embargo 
on the Un ited S tates supply s i tuat ion were not f e l t  immediately . 
The long supp ly l ines  from the Middle East to the Un ited S tate s 
provided cons iderab le lag t ime , but , by mid-December reduced rece ipts 
of petro leum became apparent, wi th the fu l l  impact of the embargo- ­
about 2 . 2  MMB/D--occurring during January , February , and March of 
19 7 4 . 

I t  has been e s timated that the cutback in petro leum con s umption 
during the f i r s t  quarter of 19 7 4  was accompanied by a 7 percent de­
crease in real Gro s s  National Product ( GNP); whereas, a mode s t  increase 
had been expected prior to the embargo . Unemp loyment a l s o  increa s ed 
during the embargo . There was sub stant i a l  disrupti on o f  petro leum 
markets and cons iderable inconvenience and apprehen s ion wa s caused 
for var ious segments of the consuming pub l ic . The s i tuat ion might 
have been worse were i t  not for con servation e f forts and for the 
occurrence o f  unusually mi ld winter weather . I f  the United S tate s 
were to have avai l abl e ,  at the time o f  a potent i a l  future import 
interruption , a petro leum res erve sys tem o f  s uf f i c ient d e l iver ab i l i ty 
and capac ity to compens ate for the maj or i ty of s upp l i e s  denied , 
effects such a s  tho s e  experienced dur ing the 1 9 7 3- 1 9 7 4  interrupt ion 
could be mitig�ted or perhap s prevented ent irely . 

In order to evaluate the Nation ' s  future impor t  dependency ,  the 
Counc i l  in its previous Emergency Preparednes s S tudy found it nec­
e s s ary to have an updated longer term s upply/demand outlook . The 
staff of the National P e tro leum Council was reque s te d  to po l l  s evera l 
pr ivate sources o f  then current Uni ted S tate s energy supply/demand 
proj ections and deve loped an average or "medium" case to re f lect the 
consensus of data rece ived . The data in that survey were based on 
knowl edge and cond ition s that ex isted in the summer of 1 9 74 .  Imp l i c i t  
i n  the survey ' s  medium c a s e  i s  a relat ively s t ab l e  but high l eve l o f  
impor ts i n  the period 1 9 7 8  to 1 9 9 0 . Thes e  impor t  proje c tions , a s  
shown i n  Table 1 , average 8 MMB/D . 
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TABLE 1 

SURVEY OF  PROJECTIONS OF  TOTAL U . S . P ETROLEUM I MPORTS ( Mi l l i on Barre l s Per Day ) 

Hi gh Range of Data Rece i ved 

Low Range of Data Rece i ved 

Ca l cu l ated Med i um Ca se 

1 978 

9.4 

5 . 2 

7 . 8  

1 980 

1 0 . 2 

5 . 3  

7.8 

1 985 

1 2 . 5 

5.4 

8 . 4 

1 990 

1 2.0 

4.0 

8.1 

Source: NPC , Emergency Preparednes s  for I nterrupti on of Petro l eum 
Imports i nto the Un i ted States , September , 1 974 , Tab l e 1 7 ,  
Page 54. 

The medium case projection of about 8 �WB/D total crude and 
products imports through 1 9 9 0  might be reduced by approximate ly 
1 l�B/D through various cons ervation measures,  l eaving a pos s ib l e  
7 MMB/D import rate t o  be protected b y  s ecur i ty s torage in the 
1 9 8 0 ' s .  I t  i s  un like ly that there would be a to tal den i a l  of such 
imports , and to provide long- term insurance agai n s t  the r i s k  of los s 
of a l l  imports does not appear to be cos t- e f fective . The mos t  ef­
fective protection agains t an interruption o f  imported oi l i s  to 
achi eve the highe s t  practi cal leve l of dome s t i c  energy s e l f - s u f f i ­
ci ency through maximum deve lopment of dome s ti c  energy r e s ource s . 
Neverthe l e s s , e f f ective emergency preparednes s  p lans which inc lude 
securi ty petroleum s torage can provide the Uni ted S tate s  wi th s ub­
stant i a l  protection agains t the ef fects o f  a future import inter­
ruption , such as one which might result from an emb argo impos ed by 
exporting nations or from natural or man-made damage to cr i t i c a l  
produc ing or tra�sportation faci lities . 

SUMMARY.OF OVERALL EMERGENCY PREPAREDNES S  CONS IDERAT IONS 

Thi s  report d i f fers from previous NPC Emergency Preparednes s  
reports i n  that i t  dea l s  with j us t  one facet o f  overal l emergency 
preparedne s s  planning--s ecurity s torage . For re ference , the Counci l ' s  
prior conc lus ions regarding other avai labl e  a lternatives for response 
to import denial s are summari zed be low . 
Convers ion to Al terna te Fue l s  

Potential petroleum s avings from convers ion o f  gas and o i l  
burning indus tri a l  and uti l i ty boilers to coa l  during the first 9 0  
days o f  a n  interruption were e s t imated to phys i ca l ly tota l 2 5 0  thou-
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sand barrels per day ( MB/D )  ( 2 3 million tons [MMT] o f  coal ) , but ac­
tual s avings were es timated to be more l ikely wi thin a range o f  4 0  
to 1 2 0  MB/D , recogni z ing the con s traints invo lved in coal produc tion , 
transportation , and environmenta l s tandards . Actual s avings achieved 
during the firs t quarter of 1 9 7 4  were 6 1  MB/D . The Energy S upply and 
Environmental Coordination Act of 1 9 7 4  provide s the author i ty to re­
quire oil and gas burning power plants to swi tch to coal , and a l s o  
permi ts the Federal Government to direct that new power plants use 
coal as the pr imary energy source . It is anticipated that much of 
the addi tional po tential for convers ion to coal wi l l  be reali zed over 
the next several years on a non-emergency ba s i s ; therefore , there wi l l  
be l i ttle future emergency coa l substi tutab i l ity for o i l  and gas in 
indus trial or uti l i ty p lants by the 1 9 8 0's .  

Emergency Production 

Legal , phy s i ca l  and economi c problems precluded temporar ily 
increas ing oi l and gas production from private fields during 
the 1 9 7 3- 1 9 7 4  embargo . There ar e s ever a l  oi l f ields in Texas 
which , on a temporary bas i s , have produc ing capab i l i ty above thei r  
long- term maximum e f f ic ient rate {MER ) ; ( 2 )  however ,  the potential 
from currently produc ing f i e lds wi l l  dec l ine over time . Thus , thi s  
source could provide only a sma l l  amount ( about 1 0 0  MB/D in 1 9 7 8 )  o f  
the required vo lume o f emergency supp l i e s  in the event of  a n  import 
curtai lment even i f  the many problems could be overcome . The primary 
known untapped source o f  temporary additional production i s  the Naval 
Petroleum Re serve s{NPR) .  

Reduction o f  Consumption 

Consumption reduction is a fas t and e f fective respons e  in an ener­
gy emergency . In many cases , consumption can be curtai l ed promptly and 
wi th l i ttle or no cap i tal inves tment . In o ther ins tance s , reductions 
require inve s tments and t ime to produce re sult s . A review o f  each of  
the maj or energy-use s ectors indicated potential emergency cons umption 
reductions tota l l ing approximate ly 1 MMB/D in 1 9 8 0  and 1 9 8 5  as sti l l  
be ing avai lable {above base case on-going conservation ) t o  uti l i z e in 
re spon se to an imports denial . 

Emergency Standby Petro leum Supplies 

Three basic a lternative s for providing s tandby supp l i e s  to 
off set a sudden lo s s  o f  imports were conside red : 

• Shut- in or reduce production from dome s tic o i l  f i e ld s , 

• Store ref ined petro leum products , and 

• Store crude o i l  a fter production . 

( 2 )  MER i s  de fined a s  the highe st rate o f  produc tion that can be 
sustained over a long per iod o f  time wi thout re s ervo i r  damage 
and s igni f icant lo s s  of ultimate o i l  and gas re covery . Production 
in exce s s  o f  MER for sus tained periods may result in both lo s s  
o f  recovery and premature l o s s  o f  produc ing capac i ty . 
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Shutting- in or reducing production from domestic f i e lds would 
reduce the supply o f  indigenous oil and gas ava i l able to the Uni ted 
S tates economy . In order to maintain coRsump tion , a corresponding 
increase in imports would occur with attendant advers e  affe c ts on 
the U . S .  economy and balance of payments . Additional ly ,  maintaining 
a s ecurity s torage system in natural reservoirs i s  highly ine f f i cient 
when compared to ma intaining readily del iverab le petrol eum reserves 
after production . It was therefore the conc lus ion of the S eptember , 
1 9 7 4  report that the Nation should maintain a s trategic res erve of  
produced petro leum . Further , the Counc i l  recommended that first 
cons ideration should be given to providing crude o i l  s torage to 
protect dome stic ref inery runs . The NPC s tudy indicated that 5 0 0  . 

MMB , together with normal ly avai lable inventorie s , would provide 9 0  
to 1 8 0  days o f  a large percentage range o f  crude imports foreseen . 
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FINDINGS , CONCLUS IONS AND RECOMMENDATI ONS 

The Nat ion ha s become increa s ing ly dependent on o i l  imports ,  
which current ly constitute 35- 4 0  percent of United S tates oi l 
consumption and about 2 0  percent of total energy consumption . The 
purpo se of national security petroleum storage i s  to reduce the 
Nation ' s  vulnerab i l ity to po s s ible future denial s of imported o i l  
whi ch might occur for pol itical reasons t o  bring pre s sure for 
changes in Un ited State s foreign ( or even dome s t i c ) pol i c i e s , or as 
a result of armed conf l ict in foreign produc ing areas . Based on 
previous NPC estimate s ,  a future embargo or s imi lar event which 
resulted in the loss of 3 MMB/D of Uni ted S tate s oil supp l i e s  for.an 
extended period of time could cause a reduction in real gros s  nationa l 
product of such magnitude that , trans lated into human terms , coul d 
result in more than two mi ll ion workers los ing the ir j ob s . Economi c 
ef fects of thi s magnitude could not be conf ined to any one industry , 
any one group of consumers , or any one geographic area , but would 
affect the entire Nation . The Council be l i eve s that it i s  incorrect 
to as sume that only selected industrie s ( such as the petroleum 
industry ) , selected con sumers ( such as automobi l e  owners ) ,  or selected 
areas of the country ( such as the At lantic coastal state s ) ,primari ly 
benefit from insurance again st a future interruption of o i l  imports . 
A national security petro leum storage program i s  de s igned to protect 
the Nation against a threat to its economic we l l- be ing and to its 
military security . The benef iciaries of a secur ity s torage program 
are the Nation a s  a who le : its economy , and a l l  its  peop le in the ir 
ro les of producers and consumers . 

The nature and purpose of petro leum security s tocks needs to be 
clear ly dist ingui shed from the substantial working stocks of crude 
and products ma inta ined by industry . Thes e  s tocks are owned and 
financed by the many pr ivate companies that make up the petro leum 
industry for the purpo s e  of operating e f f ic ient supp ly sys tems in 
every region of the country . In order to furnish thi s  highly comp lex 
service re liably , highly fragmented and wide ly di spersed increments 
of working stocks are u s ed by the many ind ividual competing companies 
to a s s i s t  in prevent ing interruption to the ir customers ' supp l i e s , 
which might result from a wide variety of dai ly operating contingenc ies 
( s uch as  tanker and barge delays , re finery equipment shutdowns , 
pipe line outage s ,  etc . ,  as we l l  a s  for seasonal demand var iat ions ) .  
National security petro leum stock s on the other hand are intended to 
provide insurance against an entire ly different cont ingency , and 
wou ld be used and control led under entire ly dif ferent c ircumstance s .  

The goals of an e ffe ctive petro leum s e cur i ty s torage program 
inc lude : 

• Securi ty s torage fac i l ities bu i l t  wi th suf f i cient capacity 
to in sure agains t  a reasonable range o f  anticipated risk . 

• Fac i l i ti e s  de s i gned and located for quick and e f f i cient 
movement of s ecuri ty s tocks into the u.s. s upp ly s y s tem to 
replace l o s t  imports . 
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• An expeditious cons truction s chedule ( as import level s  and 
vulnerab i l i ty are already s ignifi cant and growing ) . 

• P e troleum s e curi ty s tocks that are clearly dis tinguished 
from working s tocks of  crude and product maintained by indus­
try . 

• Minimum program cos t dis tributed equi tably to beneficiaries . 

• Tight control o f  sys tem operation to ensure that the se curity 
stocks are actually on hand in the event of an emergency . 

• Avoidance o f  undue complexi ty in ownership , financing and 
admini s trative requirements . 

• P rovide the benef i ts of  petro leum s ecur i ty s torage wi thout 
reducing energy resource deve lopment . 

The s ummary findings , conclus ions and recommendations o f  thi s  report 
are l i s ted below , and are intended to respond to the ques tions directed 
to the Counci l  in As s i s tant Secretary Carlson's letter of December 31 , 
1 9 7 4 . 

I .  OPTIMUM S IZE OF S TORAGE SYS TEM AND RELATIVE 
NEEDS FOR CRUDE VERSUS PRODUCT S TORAGE 

Total petroleum imports in the Uni ted S tates in 1 9 7 8  to 1 9 9 0  are 
estimated in thi s report to average approximate ly 8 . 1  MMB/D , or 1 . 2  MMB/D 
higher than immedi ate ly prior to the 1 9 7 3 - 1 9 7 4  Arab oi l embargo . Crude 
oil  imports have been e s timated to increase to approximately 5 . 5 MMB/D , 
or 2 MMB /D more than in November , 1 9 7 3 . In the 1 9 8 0's , emergency energy 
cons ervation meas ure s are e s t imated to be availab l e  to r educe to tal pe­
tro leum demand in the U . S .  by about 1 . 0  MMB/D , leaving a ne t shor tfall 
of about 4 . 5  MMB /D if there were a total crude oil denial , or  about 7 
MMB/D in the unl ike ly event of a total petroleum imports denial . There­
fore , 5 0 0  MMB of securi ty s torage might cover a total imports denial 
of 7 0  days and a to tal denial o f  crude oi l for 1 1 0  days . In-addi tion to 
the protection offered by such vo lumes in s e curity s torage , protection 
( time to implement emergency preparedne s s  p lans ) would be provided by 

volume s of crude and produc t in tran s i t  at the time of an interruption 
and tha t  in usable Uni ted S tate s working inventories . Further , import 
interruptions of total imports are cons idered h ighly unlikely . Thus , 
actual supply coverage af forded by a 5 0 0  MMB program in response to 
a more likely 3 MMB/D denial , in conj unction wi th other emergency 
measures , shou ld exceed 6 months . 

Whi le i t  cannot be predicted what propor tion of crude imports 
denied would be low- sul fur content crude , currently about one- third of 
foreign crude imports can be clas s i fied as low- sulfur con tent . I t  is , 
therefore , reasonable that securi ty s torage faci l i ties be de s i gned for 
segregated s torage such that at leas t one- third of  the crude f i l l  be 
low- to medium- sulfur content crude oi l .  

In order to answe r  the question o f  crude ver s us produc t s torage , 
pro j ected petroleum supply and demand patterns were examined to a s s e s s  
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the probable impact of a future petro l e� import denial . Feas ible 
re fining and log i s tical responses were explored , spe c i f i c  produc t short­
falls  were e s timated , and appropriate emergency s teps were deve loped for 
re lieving the indicated shortfal l s . Two 3 MMB/D import den i al cases 
were examined : the fir s t  wa s a los s of  only crude ; the second was a 
comb ination of 6 0  percent crude and 4 0  percen t product denial . An as­
sessment was made as  to where a future embargo would l ikely impact 
geographica l ly . The petro leum indus try re spons e to the e s timated 
product shortfalls  was based on the historical incremental U . S .  re­
fining yield patterns for 1 9 6 9  through 1 9 7 3  ( as reported by the Bur-
eau of Mines ) , and was determined for three type s of securi ty s tor-
age crude in order to te s t  for crude qua l i ty characteri stics . In the 
crude denial case , only minor product shortfa l l s  were ca lculated ; 
however , the se wer� shown to be readi ly covered within the capab i l i­
ties o f  demons trated re finery flexib i l i ty . There fore , a crude denial 
alone appears manageable with s ecurity crude s torage . 

I t  should be noted , however , that proce s s ing o f  crude doe s  not s ig­
ni ficantly affect l iqui fied pe tro leum gas ( LPG ) production . Therefore , 
any future requirement for imported LPG should not depend on crude o i l  
securi ty storage for import denial protection . 

The log i s tics ana lys i s  sugge s ts that s e cur i ty crude s tocks could 
be run in off shore ( C aribbean ) refineries based on the expec ted spare 
capacity of the se ref ineries dur ing a combined crude and product em­
bargo s i tuation . Thi s expected spare capacity i s  based on the as sump­
tion that a product import denial resulting from a crude s upp ly deni al 
wi l l  be di stributed in h i s torical proportions among the normal Uni ted 
States source s . The Uni ted States has tradi tiona l ly rel ied on Car ib­
bean ref iners to s upply a high percentage of tota l Uni ted S tates res id­
ual fue l oi l demand . The Caribbean re finerie s  are located in areas 
that have his tori cally been friendly to the Uni ted State s and are an 
integra l part of the refining capacity norma l ly s erving the United 
State s market and shou ld , therefore , be uti l i z ed in an emb argo s i tu­
ation . The secur i ty s torage crude del ivery logi s t i c s  of s upp lying 
the se ref ineries are s imi lar to those for de livering crude out of 
Gulf Coast secur i ty s torage to East Coast ref inerie s . 

The expected overa l l  re sponse to a crude and product deni al indi­
cate s that mo st product requirements cou ld be met . The only potential­
ly s igni ficant product shortfa l l  after proces s ing s ecuri ty s torage 
crude is a po s sib le 4 0 0  to 6 0 0  MB/D res idual fuel oi l shortfal l for 
PAD I's requirement . A number of al ternative s teps , s uch as demons trated 
refinery yield f lexib i l i ty , d i s ti l late b lending , reduced demand , and 
fue l convers ion , were cons idered to cover thi s  shortf a l l  and are 
estimated to result in a range of additional re s idua l fue l o i l  
available of  4 6 0  to 8 3 0  MB/D . I n  addition , the non-quanti f i ed 
e ffect s of implementing extraordinary ref inery yield f l exibi l i ty 
steps and storing higher re s idual yield crudes might be ava i l able . 
Furthermore , in an emergency petro leum s upply interruption under the 
provi s ions of the International Energy Program ( IEP ) Agreement , fue l 
oil could be al located to the Un ited State s in l i eu of  crude . 
There fore , it would appear that covering a 4 0 0  to 6 0 0  MB/D shortfall 
might be achieved a lthough there i s  some uncertainty in thi s  analys i s . 
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Thus ,  re fining/logis tical analy s e s  indicate tha t  with the pos ­
s ible exception o f  re s i dual fuel o il on the E a s t  Coas t , a s ub s tantial 
denial o f  c rude oil and/or ref ined petroleum produc ts could be 
covered with a crude s torage program . To con f i rm the extent o f  a 
potential res idual fuel o i l  shortfall resulting f rom interruption of 
imported products , an independent and deta i led survey is needed o f  
individual ref ineri e s  located in PAD Distr icts I and I I I  ( and pos s ib ly 
the other d i s tr icts ) to determine the ir phy s ical capab i l ity and 
flexib i l ity to produce and ship res idual fuel o i l  in an emergency . 
It  i s  b e l i eved that the se ref iners can re spond by a rap i d  change in 
produc t mix , a lthough thi s  may require non-optimum operating s teps 
such as by -passing or shutting down ref inery uni ts and/or diver ting as­
phal t  or other produc ts . The extent to which re f ineries , logi s tically 
connec ted to the Nor theas tern s tates , can increa s e  fuel o i l  ava ilabi l ­
ity i s  highly dependent o n  the individual re f inery ' s  proce s s ing and 
shipping fac i l ities and has not previous ly been documented . P ending 
results of such a s urvey , together with a further a s s e s sment of 
other potential res idual fue l emergency s teps , final dec i s ion as to 
the need , i f  any , for high co s t  fuel o i l  s ecur i ty s torage should be 
de ferred . 

I .  Ba�ed on �he above n�nd�ng� and eonetu��on�, �he Na��onat 

Pe��oteum Coune�t �eeommend�: The n���� objee��ve ofi �he 

na��onat �eeu��ty �to�age p�og�am �houtd be �o ��o�e 

app�ox�ma�ety 500 m�tt�on ba��et� ofi p�odueed e�ude o�t ofi 

wh�eh a� tea�� one-�h��d �� tow �n �utfiu� eon�en�. 

I I . SOURCES AND ECONOMICS OF CRUDE FILL FOR SECURITY STORAGE 

The four princ ipal source s  of crude o i l  whi ch have been cons idered 
for secur i ty s torage f i l l  are : 

• Dome stic crude o il ;  

• Fore ign c rude o i l  purchased and transported to s torage ; 

• Federal royal ty oi l ;  and 

• Crude o i l  from Naval Petrol eum Reserve No . l ( NPR- 1 ) . 

Security s torage crude o i l  ideally should be of  a compos ition 
to fac i l itate ready sub s titution in the re f i ning capacity deni ed 
imports with minimal shift in des i red product y ield and qual i ty ; and 
deterioration to proce s s ing and handl ing equipment .  In addi tion to 
us ing convent iona l crude o i l , synthetic o i l  derived from a source 
such as shale was cons idered , but its cos t was found to be s ub s tantial­
ly higher , and its availab ili ty more dis tant by s everal years . 

With the exception o f  oil ob tained from the Naval P etroleum 
Reserve , the o ther sources are already be ing utili zed to mee t  bas e  
domes tic consumption and thei r  divers ion to secur i ty s torage would 
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require a net incre as e in foreign imports . Incre as ing the na tional 
requirement for fore ign imports i s  in con flic t  wi th current federa l 
energy po l i cy ob j ectives. Cos t of  the fi l l  to the Nation would be 
ef fec tively the cos t of the fore ign crude us ed for rep lacement , 
including tanker transportation . Payment in do l lars to the fore ign pro­
ducer would be in the direc tion of advers ely a f fe c ting the balance o f  
trade . 

Purchased Fore ign Crude 

Security s tocks for use in future import supp ly interruptions 
could be obtained by the purchase of foreign production rather than 
domestic production . Hos t  governments , from whi ch the crude wou ld be 
suppl ied , might cons ider the us e of o i l  produced in the ir countr ies 
directly for thi s  purpose , contrary to the ir nationa l intere s t . How­
ever , the International Energy Program ( IEP ) Agreement and the Uni ted 
States ' intentions to create a nationa l secur i ty res e rve , are matters 
of public record . It is no t pos s ible to predict wha t  advers e ac tions , 
if any , might be taken agains t the Uni ted S tates i f  i t  chos e  to acquire 
fore ign crude for s ecur i ty s torage f ill . 

Federal Royalty Crude 

The amount of federal royalty o i l  production reached a peak 
vo lume of  8 8  MMB for the year 1 9 7 1 . The year- to-year volume has 
trended slightly downward s ince then and to talled 8 0  MMB in 1 9 7 4 . Fed­
eral royalty o il has been set as ide in the past for s ale to small ref in­
ers who qual i fy under the rules of the Small Bus ine s s  Admini s tration . 
In 1 9 7 4 ,  5 3  percent o f  the federal royalty oil wa s s upp l i ed to thi s  
group . Royalty o i l  remaining after meeting the demand o f  e l igible 
refiner s -- 38 MMB in 1 9 7 4  -- is sold to the l e s see or to the operator 
of the lease . As is the s i tuation with regard to purchas ed dome s ti c  
crude , s ince federal royalty o i l  i s  now a portion o f  b a s e  domestic 
supply to Un ited State s ref ineries , its diver s ion to secur i ty storage 
wou ld require rep lacement with imports to balance the Nat ion ' s  
current needs . 

Elk H i l l s  Crude 

The NPR- 1 ( E lk H i l l s  field ) s i tuated in Kern Coun ty near Baker s ­
field , Cal i forn ia i s  re served by law for us e i n  a national emergency 
and requi res authoriz ation by the Pres ident w i th the approval o f  Con­
gres s for production in exce s s  of the minimum required to maintain 
the field in a s tate of readine s s  and to prevent drainage from adj a­
cent commercial we l l s . Average current produc tion from thi s  field is  
about 3 MB/D . 

The field i s  reported to have total proven reserves in exces s  
of  1 bi llion barre l s  with pos sible addi tiona l re serves e s timated at 
0 . 5 b i l l ion barrel s  as exploration proceeds . 

The sha l low zone crude , which represents approximate ly one­
third of the Elk Hi l l s  reserves , as typ i fied by an October , 1 9 7 4  
sample , had a 2 0 °  AP I gravity and a sulfur content o f  0 . 9  weight 
percent . The gravity of Stevens zone crude , compri s ing about two-
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thirds of the E l k  Hi l l s  reserves , ranges from 2 8° API to 3 8° API . 
Sul fur content range s from 0 . 3  to 1 . 5 we ight percent . A s amp l e  o f  
Stevens zone crude taken in December , 1 9 7 3 , whi ch might be ind icative 
o f  the average qual ity o f  thi s  zone , had a gravity o f  3 1 . 5° API and 
a sulfur content of 0 . 6 5 we ight percent . Based on thes e  characteris­
tics E l k  Hi l l s  crude i s  ideal ly suited for use in a national secur i ty 
s torage sys tem . 

Given the nece s s ary legi s l ative approval and.funds ,  a production 
rate o f  1 3 0  MB/D could be pos s ible within several months and , with 
continued development , an ultimate short-term producti on rate of 4 0 0  
MB/D might b e  achieved by 1 9 8 0 . Maximum ultimate recovery o f  hydrocar­
bons from the field c an be achieved by l imiting production to the long­
term maximum e f f i cient rate (MER ) o f  the f i e ld . The MER currently 
reported to be 2 6 7  MB/D may be revi sed after comp letion of the 
current dri l l ing program . I f  a sustained rate o f  2 6 7  MB/D could be 
mainta ined , the Navy ' s share o f  the production ( 8 0 percen t )  would 
completely f i l l  a 5 0 0  MMB produced crude securi ty s torage sys tem in 
6 to 7 years . Production and trans fer to s torage could continue after 
5 0 0  MMB should a l arger s torage system be des ired . 

Sale or Exchange o f  Federal ly-OWned Crude O i l  

I f  federal ly-owned crude o i l  ( royalty or NPR- 1 )  were to b e  the 
ba s i s  o f  a national petroleum security s torage program , pub l i c  sales 
and/or place and time exchange s might be made to de l iver security 
crude o i l  into Gul f  Coast s torage at lower transportation cost . In 
the case o f  NPR- 1 crude , there could be a transportation advantage 
for del ivery of that crude to We s t  Coast ref iners in exchange for 
comparable crude o i l  del ivered to secur ity s torage locations in the 
Gul f  Coas t . 

Funds generated by domestic sale o f  federal ly-owned crude o i l  
might b e  used to purchase other crude which would incremental ly be 
foreign o i l . If it is a s sumed , as it  has been throughout thi s  
study , that NPR-1 crude o i l  would not otherwise b e  produced for 
inc lus ion in the domestic raw material base , funds generated from 
the sale of NPR- 1 crude o i l  could be used to o f f s et the purchase 

.cost of  fore ign oil with l ittle , if any , e f fect on the leve l of 
imports or ba lance of payments . However ,  the pos s ib i l ity o f  sale 
and/or exchange for NPR- 1 crude oil in PAD D i strict V to accomp l i sh 
equivalent security s torage f i l l  in PAD D i strict I I I  may become less 
like ly as Paci f i c  Outer Continental Shelf ( OCS ) resources are de­
ve loped and as North S lope o i l  becomes ava i lab l e  in Distric t  V .  

During the 1 9 8 0 ' s ,  there wi l l  be a s igni f i c ant wes tward shift 
in the center of dome stic petrol?um supply , moving directiona l ly 
away from the consuming regions most vulnerab l e  to an interruption 
o f  imports . National emergency preparedne s s  would be served if the 
hereto fore largely independent crude o i l  and product logi stical 
systems o f  PADs I - IV and PAD V were connected , as has been advanced 
in several proposal s . We st Coast to Texas p ipeline systems may be 
bui lt sometime in the future . The l ikelihood o f  construction might 
be improved if a program i s  instituted to move NPR- 1 produced crude 
o i l , or equivalent by sale or exchange in PAD V ,  to secur i ty storage 
in the Gul f  Coast . 
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Economic s o f  Security Crude F i l l  

S ince both purchased domestic crude and federal royalty crude 
must be replaced by imports , cos t  of the se sources i s  e f fective ly 
the same as that of purchased replacement foreign oi l or about $6 . 5  
bi l l ion for 5 0 0  MMB ( 1 9 7 5  dol lars ) .  

Under the as sumption that NPR- 1 crude would not be produced 
except as a national secur i ty resource , co s t  of f i l l  from thi s  
source would b e  equivalent to the out- of-pocket production cos t s  for 
development and operation of the field , or about $1 . 5 0 to $2 . 0 0 per 
barre l . Transportation to the Gul f Coas t in an as sumed pipel ine i s  
estimated to c o s t  $1 . 1 5 t o  $1 . 3 5 per barre l ,  resulting i n  a tota_l 
expenditure cost to the government of approximately $1 . 5  b i l l ion for 
500 MMB ( 1 9 7 5  do l lar s ) .  The cos ts of the four al ternative sources 
of fill are summari zed below : 

SOURCES AND ECONOMICS OF CRUDE F I LL 

Source De live re d  Co s t  ( $/B ) 

Purchase Fore ign Crude 1 2 . 0 0 to 14 . 0 0 

Dome s tic Crude Equivalent to Fore ign 

Federal Royal ty Crude Equivalent to Fore i gn 

E lk Hi l l s  Crude 2 . 6 5 to 3 . 3 5 

I f ,  however , the as sumption were made that legi s lation i s  pas s ed 
to permit the Naval P e tro l eum Re serve s to be produced and sold into 
the domes tic economy , d ivers ion in that instance to security s torage 
would result in foregoing a potential de creas e in imports . Under this 
as sumption , the cos t of fi l l  would be the same as the o ther sources 
wh ich i s  e f fective ly the cos t of rep lacement foreign crude o i l , or 
$1 2 . 0 0 to $14 . 0 0 per barre l  ( 1 9 7 5  do l lars ) .  

Thus , the Counci l conc ludes that E lk H i l l s  c rude in NPR- 1 i s  
the logical cho ice a s  a bas i s  of  secur ity storage f i l l  s ince i t  i s  
the only source of f i l l  wh ich wou ld probab ly no t increase fore ign im­
ports and is the lowe s t  expendi ture co s t  al ternative . As s uming the 
Naval Petro leum Res erve would not otherwi se be produced , the cos t  to 
the Nation would be the out-of-pocke t production co s ts plus transpor ­
tation to the s torage s i te , either phy s i ca l ly or by exchange . NPR- 1 
should be deve loped to produce at i ts maximum e f f i ci ent rate on a 
sus tained bas i s  and pipe l ine capac ity out of  the re s erve should be 
increased . The se measure s could be completed by the time Gul f  Coas t 
salt dome s torage pro j ects could be ready to accept f i l l  in 1 9 7 9 . 
The value o f  NPR- 1 to the Nation as a s trategic res erve would , 
thereby ,  be greatly enhanced as its del iverab i l i ty in time of 
need would , in e f fect , be increased from i ts cur rent 3 MB/D 
to over 3 MMB/D . 
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I I . Ba�ed on the above nindingh and eoneluhionh, the National 

Pet�oleum Couneil �eeommendh: The Naval Pet�oleum Rehe�ve 

at Elk Hill� �hould be developed and p�odueed. The Fede�al 

Gove�nment'� �ha�e �hould no�m the ba�i� on e�ude �eeu�ity 

�toek�. 

I I I . STORAGE FAC ILITIES: CONSTRUCT ION , COST , LOCATION 
DES I GN ,  AND ENVIRONMENTAL CONS IDERATI ONS 

Construction and Co st Cons iderations 

Security storage of crude or ref ined products c an be located 
aboveground in steel tanks or underground in caverns leached in salt 
or mined in hard rock . The primary advantage of steel tank storage 
is locational f lexib i lity and the eas e with whi ch supp l i e s  can be 
integrated into the exi sting petroleum logi s tical system . The ma j or 
disadvantage i s  cost which i s  estimated to range from $6 . 0 0 to 
$1 2 . 5 0 per barrel ( 1 9 7 5  dol lars ) ,  depending on tank s i ze ,  location , 
and local cond itions .  

There are three proven methods o f  s toring crude a fter produc­
tion and refined petro leum products underground : ( 1 ) abandoned under­
ground mines that have been special ly adapted for s torage , ( 2 ) new 
cavities mined in hard impermeab le rock formations s uch as granite , 
shale, or l imestone , and ( 3 )  existing or new c avities l eached i n  
s a l t  domes or s a l t  beds . 

Storage o f  crude in spec ial ly converted abandoned mines i s  a 
proven technique . Under ideal conditions , costs for thi s  type o f  
storage can b e  competitive with salt dome s torage . However , the 
potential for use o f  abandoned mines for United States storage 
purpo ses doe s  not appear promising . It would likely be more practical 
to mine new caverns in suitable rock formations than to try to 
uti l i z e  abandoned mine s . The cost of new mined storage caverns 
would be competitive with the cost of steel tanks for storage vo lumes 
in excess of 1 MMB . 

A s alt dome i s  a mas s ive co lumn o f  rock salt , typically 0 . 5  or 
more mi les wide , thrusting upward from many miles be low the earth ' s  
surface and topped by a caprock . There are more than 3 5 0  known salt 
dome s within a 5 0 , 0 0 0  square mile area along the Gul f  coa s t . Many 
of the s e  salt domes are located near: the major Gul f  Coa s t  re f ining 
centers ( Houston , Beaumont/Port Arthur , and New Orleans/Baton Rouge ) , 
and the Gul f  o f  Mexico and maj or inland waterways ( Houston Ship 
Channel , Port Arthur [Sabine] Ship Channel ,  and the Mi s s i s s ippi 
River ) . Underground petrol eum storage pro j ects have an excel lent 
record of s afety and rel iab i l ity based on more than 2 0  years o f  
exper ienc e . Individual s torage caverns o f  more than 5 MM B  capacity , 
each , can be constructed with exi sting technology . 

Based on a study o f  s everal Gul f  Coast s alt dome s , underground 
storage in leached salt dome cavities can be provided at an initial 
cost of $0 . 70 to $1 . 1 5 per barre l (1975 dol l ars ) ,  depending upon the 
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cos t  of pipe l ine s required to connect the s torage to dis tribution 
facil ities and the dis tance from suitable water source s and brine 
disposal areas . Thi s  e s timate app lies to large vo lume pro j ects ( 2 5 0  
MMB ) wi th individual caverns o f  7 MMB . The low end o f  the cos t  range 
wi l l  be typical o f  a pro j ect located on dry land near the Gul f  and 
maj or crude trunk line s . The high end o f  the cos t  range wi l l  be typ i­
cal of a pro j ect located up to 50 miles from the Gulf with a s omewhat 
longer crude de l ivery l ine . Facil i ties to permi t tanker loading dur­
ing an emergency will  add an addi tional 1 5 ¢  to 4 0 ¢  per barre l to thi s  
co s t . Thus , the l ike ly s torage faci l i ty co s t  range appears to be from 
$ 0 . 8 5  to $ 1 . 5 5  per barrel ( 1 9 7 5  do l lars ) .  Combine d  wi th the expendi­
ture cos ts of  E lk H i l l s  production , the total recommended program 
would cos t  $ 3 . 5 0  to $ 4 . 8 5 per barre l , or $ 1 . 8  to $ 2 . 4  b i l l ion for a 
5 0 0  MMB program , as shown below: 

SECURITY STORAGE COSTS 

Faci lities 

Sal t Dome S torage ( 2 5 0  MMB Pro j ects ) 

Tanker Loading 

Total Cos t  of Fac i l ities 

Fi l l  

Elk Hi l l s  Production Cos ts 

Pipe line Transportation to Gul f  Coas t 

Total Cos t  of F i l l  

To tal Co st for Recommended Program 

( $/B ) 

0 . 7 0 - 1 . 1 5 

0 . 1 5 - 0 . 4 0 

0 . 8 5 - 1 . 5 5 

1 . 5 0 - 2.0 0 

1 . 1 5- 1 . 35 

2 . 6 5 - 3 . 35 

3 . 5 0 - 4 . 8 5 

�$ 
for 5 0 0  � 

35 0 - 5 7 5  

7 5 - 2 0 0  

4 2 5 - 7 7 5  

7 5 0- 1 , 0 0 0  

5 7 5- 6 7 5 

1 , 32 5 - 1 , 6 7 5  

1 , 7 5 0 - 2 , 4 2 5  

I f  environmental s tudies begin promptly and engineer ing des ign 
starts in January , 1 9 7 6 , s torage f i l l  could begin in 1 9 7 9 . The 
leaching phas e for a 2 5 0  � facil i ty could be reduced f rom 3 to 
1- 1/ 2 years , at an addi tional cos t of 1 0 ¢  to 35 ¢ per barre l ( 1 9 7 5  
do l lars ) , which might enab le completion o f  the f i l l  perhaps a 
year or so ear lier than with the normal s chedul e . However , th i s  
could b e  j us ti fied only i f  crude can b e  made avai lab l e  at a rate 
sufficient to acce lerate s torage f i l l . 

There are certain domes where a number of  very large cavities  
already exi st as a result of  salt mining operations . Whi le such 
cavities may be suitable for crude storage , detai led s tudies have to 
be made to ensure s tructural integrity and to determine which cavities 
could be safely uti l i zed . In addi tion , faci l ities s uch as pipe l ines 
and tanker docks have to be cons tructed to permi t de l ivery of crude 
into or out of storage , and thi s  would l ikely require several years . 
Thus , while some s torage in exi s ting domes might be made availab l e  
prior t o  1 9 7 9 , additional information wi l l  be required t o  determine 
the practicality of such proj ects . 
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S torage leached in s alt beds i s  also a proven technique; however , 
the potential uti l ity of  such beds for secur i ty s torage projects is  
limited . Most s alt beds are located inland where fresh water costs 
are relatively h igh and where subsurface brine di spo s al would be 
required with attendant environmental problems . Further , placement 
of the secur i ty s torage program in the se locations would be l ogis ti­
cal ly les s e f f i c ient than in the Gul f  Coas t . 

Locat ion and De s ign Cons iderations 

I f the Gulf Coa st offshore termina l s , LOOP and Seadock , are 
constructed , the mo s t  e f f icient and lowe s t  cost sys tem would be one 
2 5 0  MMB s torage fac i l i ty integrated with each terminal . I f  more 
than 5 0 0  MMB of s torage capac ity is to be provided in the program , 
additiona l 2 5 0  MMB units could be leached . Upon comp letion of the 
deepwater port f ac i l ities , imported crude could f low to mos t  of the 
ref ining capac ity in PAD D i s tricts I I , I I I  and IV . It is also 
feas ible to de s ign deepwater terminals so that tankers can load 
crude for shipment to other United S tates ports , if such a need i s  
incorporated i n  the initial deepwater terminal de s ign . Thus , with 
proper location o f  s alt dome storage projects , a large percentage of 
ref ining capac ity east o f  the Rockies can ef fectively be suppl i ed 
with crude out o f  Gulf Coast salt dome storage dur ing an emergency . 
Caribbean refineries could a l so be suppl ied i f  neces sary . 

I f  Gulf Coas t  deepwater termina l s  are not availab le in time to 
meet the des ired program completion s chedule , a di f ferent set of  
salt dome s might be selected for s torage . In thi s  cas e , i t  i s  
likely that a t  least three s alt dome proj ects would b e  requi red for 
optimum logistical efficiency: one near the Hous ton Ship Channe l 
refining center ; one near the Beaumont/Port Arthur ( S ab ine ) Ship 
Channel ref ining center ; and one near the Capline terminal on the 
Mi s s i s s ippi River . The se inland waterways could be uti l i z ed to 
transport imported crude to maj or ref ining centers in the absence of 
deepwater terminals . The absence o f  deepwater terminals would add 
about 2 0 ¢  to 4 0 ¢  per barre l to the initial s torage cos t  of $ 0 . 7 0 
to $ 1 . 1 5 per barre l , depending on the percentage o f  crude delivered 
to adjacent crude pipelines . 

The required delivery rate of crude out of  s torage i s  dif ficult 
to def ine because i t  depends on both the future l eve l of  imports and 
the rate at which imports are interrupted . Consideration should be 
given to a high des ign delivery rate out of s to rage , perhap s as much 
as the total Uni ted S tates crude and product impor t  rate l e s s  emergen­
cy curtailment volume . Even though a to tal impor t  denial appears 
unlikely , the cost o f  providing such a del ivery rate capab i l i ty 
should be a sma l l  percentage of  total crude s torage system costs . 
Spare del ivery rate c apac ity would provide f l exibility to offset 
pos s ible downtime for fac i l ity maintenance ,  bad weather , s abotage , 
etc . , at one or more s ites . On thi s  bas i s ,  i f  two 2 5 0  MMB pro j ects 
are to constitute the s ecurity s torage program , each project should 
be des igned to deliver crude out of s torage at a rate equal to at 
least the des ign throughput capac ity of the adjacent deepwater 
terminal ( i . e . , about 2 MMB/D ) .  In addition , allowance should be 
made for deliveries to other locations by tanker s uch as the East 
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Coast , the Car ibbean , or non-pipel ine connected Gul f  Coast locations . 
Thi s  sugge sts a de s ign rate o f  between 2 and 3 MMB/D at each location 
or up to 6 MMB/D o f  total de l ivery capac ity . I f  more than two 
storage pro j ects are provided , because deepwater terminal s  are not 
available or a system l arger than 5 0 0  MMB is constructed , a de s ign 
del ivery rate as high a s  2 to 3 MMB/D for each pro j ect might not be 
nece s sary . 

Environmental Cons iderations 

The leaching of salt dome caverns , while a fairly s imple 
proce s s , needs to be carried out care ful ly to protect the environment . 
A we l l  i s  dr i l l ed into the top of the salt formation and several 
steel cas ing s tr ings are set and cemented to protect fresh water 
beds and to seal o f f  intervening formation s .  Fresh water ( or sea 
water ) is then pumped down an inner str ing o f  tub ing . The salt is 
dissolved , and the resulting brine so lution is c irculated back to 
the surface for disposal . 

I t  is  recogni zed that s torage area sur face requirements , subs ur­
face fresh water pro tec tion , brine dispo s a l  pipe l ine r i ght-o f-way re­
quirements from the s torage area to the o f fshore outfal l ,  fresh water 
requirements , and brine disposal cons iderations as soc iated with large 
volume s torage pro j ects raise ques tions concerning impact on the en­
vironment .  These que s tions should be addres s ed concurrently with the 
site selection as a firs t order o f  pr iori ty after pro j ect authori za­
tion . Of  particular importanc e is optimi z a tion of the brine dispo s al 
system de sign to minimi ze the environmenta l impact on mar ine l i fe 
off shore and in nearby bays , mar shes , and estuar i e s , and protection 
o f  onshore wi ldlife and human amenities . Env ironmenta l  s tudies 
should inc lude pipel ine r ight-o f-way routing and de s ign to minimi ze 
disturbance ,  and o f fshore outfa l l  location and di s tance to produce 
adequate di spers ion of brine di scharged at sea . Deve lopment of such 
plans and the nec e s s ary Environmental Impact S tatements wi l l  require 
ecological studies of the pipeline route and the out f a l l  area , 
inc luding bio logical , chemical , botanical , and oceanographic studie s .  
However , if  storage pro j ects are located near LOOP and Seadock as 
recommended , the extens ive eco logical surveys conducted for these 
proj ects over the pas t  2 year s wi l l  be o f  s ign ificant bene f i t . The 
Environmental Protection Agency should be consul ted at an ear ly date 
in antic ipation of s ecur ing a dis charge permit under the Nationa l Pol­
lutant Dis charge E l imination Sys tem . Whi l e  leaching and f i l l ing are 
under way , the sys tem should be monitored to as s ure proper ope ration 
and compliance wi th di scharge pe rmi t requirements . 

Thus , it i s  conc luded that storage in large caverns leached in 
Gulf Co ast salt dome s is the lowe st cos t  sys tem currently avai lable . 
Individual salt dome s torage fac i lities of 2 5 0  MMB ( e . g . , 3 6  caverns 
of 7 MMB capac ity )  could provide substantial economy of scale and 
can be installed on the Gul f Coast for $ 0 . 8 5  to $ 1 . 5 5  per barre l 
( 1 9 7 5  dol l ar s ) , including tanker loading fac i l i ti e s . Crude secur ity 
storage must be e f fective ly integrated into exi s ting and p lanned 
Un ited States crude logi stical sys tems , inc luding direct acce s s  to 
tanker loading fac i l ities as we l l  as ma j or trunk pipe l ine s . A 
de s ign de l ivery rate out o f  s torage as high as the total United 
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S tate s crude and product import rate les s emergency curtailment 
volume should be considered . Even though a total import denial 
appears unlike ly , the cost of providing such a high de livery rate ca­
pab i l i ty could be a small percentage of total crude s torage sys tem 
costs , and spare de livery rate capacity would provide f lexib i l ity 
to o f f se t  inevitable fac i l i ty outage s .  

I I I . Ba�ed on the above n inding� and eonelu�ion�, the National 

Pet�oleum Couneil �eeommend�: National �eeu�ity e�ude oil 

�to�age �hould be in eave�n� leaehed in Gul n Coa�t �alt 

dome� and eonneeted to exi�ting and planned U . S .  pet�oleum 

indu�t�y logi�tieal �y�tem� . 

IV . F INANC ING , OWNERSHIP , AND CONTROL OF SECURITY STORAGE 

Two bas ic options exist for the financing and/or ownership of a 
crude s ecurity storage program: government financing and ownership , 
or private f inancing and ownership . In addition to these two bas ic 
options , a number o f  hybrid government/private financing and/or 
owner ship a lternatives were examined . There is only one sui table 
option for control o f  national security s torage: government contro l .  

Private Ownership Al ternatives 

Al l Re f iners and Importers 

All ref iner s and a l l  importers of crude and/or product s  could 
be required to expand their working s tocks to provide a pre scribed 
leve l of  national s ecurity s torage . Pre sumab ly , this approach could 
place the burden of security s torage equitab ly on a l l  re finers and 
all importer s and would result in wide physical dispersion of s tocks . 
However , this approach would require a mas sive adminis trative sys tem 
to prescribe s torage requirements for each participant and an 
extens ive reporting and monitoring system to confirm the continued 
physical existence of the pre scribed emergency s tock s . Because the 
storage would be dispersed and s tored primarily in aboveground s teel 
tank s , economy o f  scale would be los t , and would be much more cos t ly 
than large volume salt dome s torage . Because o f  the varying impact 
on private participants , applications for re lie f  from hardship and 
reque sts for exceptions are antic ipated , resulting in delays and 
cons iderable practical dif ficulties . 

Crude and Product Importers On ly 

On ly importers of crude and/or product s  could each be required 
to provide a pre scribed level of security s torage . This approach 
place s the burden of insurance directly on those who import the 
supplies which are insecure . However ,  p lacing the burden o f  national 
s ecurity s torage on only the crude and product importers could p lace 
the se operators at a sub stantial competitive disadvantage with a l l  
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other industry operators . Pres sures could a r i s e  to " equa l i z e "  cost 
d i sparities through further regulatory machinery . Th i s  approach 
also might not take advantage of the economy of s ca l e  of a salt dome 
program . Furthermore , thi s  a lternative might tend to result in fuel 
oil secur ity storage by individual importers . Thi s  would b e  h ighly 
ine f fic ient because of its rel ative ly h igh cost and because fuel o i l  
denials could probab ly be handled b y  other more cost-ef fective 
emergency s teps . 

Indus try Consortiums 

Privately- owned national securi ty s torage could be achieved 
through formation of indus try consortiums to own , deve lop and 
operate large vo lume , centra l ly located s a l t  dome s torage . Thi s  
method would b e  appl icable whether the s torage obliga tion appl ied 
to all refiners and all importers or only to impor ters . Thi s  ap­
pro ach could achi eve economy of scale and would avo id a few of the 
probl ems of administration caused by wide ly diverse s torage loca­
tions . A consortium could provide s torage on an equi ty par tic ipa­
tion bas is or for a fee . Among the many d i s advantages of th i s  ap­
proach is the fact that cons iderab le time would be required to or­
gan i ze the con sortiums and to nego tiate equi tab l e  par tic ipation 
and operating agreements . Further , enab l ing federal le g i s l a tion 
may be required wi th spec i f i c  anti trus t provi s ions i f  th i s  k ind of 
national s ecur i ty s torage venture is to be workab l e . 

Private F inanc ing Al ternatives 

Several options for f inanc ing a private ly-owned national secur i ty 
storage system were examined , inc luding : 

• Complete pr ivate f inancing with recovery o f  c apital and 
operat ing costs in a free marketp lace . 

• Indus try f inanc ing with government loan guarantees . 

• Indus try f inanc ing with cost recovery provided by the 
government by means of tax credi ts , import fee or tar i f f  
rebate s ,  o r  even direct grants . 

• Note th at wh i le the las t two options ma intain pr ivate 
owner ship , they amount to indirect government f inanc ing 
to the extent costs are re covered through government 
sources . 

Wh i l e  in theory industry should s imp ly recover the co s t s  o f  
security s torage i n  a free marketplace b y  incre as ing product prices , 
in practice thi s  option i s  very uncertain . Should pr i c e  contro l s  
exi s t , as they d o  now , any time dur ing the l i fe o f  the secur i ty 
storage pro j ec t ,  recovery o f  the co st would be p l aced in sub s tanti a l  
j eopardy . S ince there i s  no pro f i t  incentive for a pr ivate inve s tor 
to bui ld ,  f i l l , and own national secur i ty s torage , it w i l l  be accom­
pl i shed only in the intere s t  o f  na tional security . Becaus e there i s  no 
reasonable way for a private inve s tor to earn a return on h i s  secur i ty 
storage inve stment ,  he mus t  ultimately seek to recover i t s  co s t  from 
the government .  
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The probl em o f  s harply increased petro l eum indus try capital 
needs has a s igni f icant bearing on security s torage f inancing options . 
During the next several years , when a securi ty s torage system would 
be imp l emented , industry ' s  capital requirements wi l l  doub le or 
triple . In fact , s erious concerns exi s t  over the industry ' s  abi lity 
to generate the required capital for needed energy resource deve lopment . 
A number o f  financing alternatives can be constructed whereby the 
government , by means o f  loan guarantees , loans and grant s , tax 
credits , rebate s on import fees , etc . , provides a direct me ans o f  
c o s t  recovery . The se systems are in real i ty a n  indirect means o f  
government f inanc ing with the attendant adminis trative complexities 
and problems o f  equitable treatment . 

Hybrid Owner ship 

Comb ined government/private ownership pos s ib i l i ti e s  exi s t , such 
as private indus try financ ing and owning s torage faci l i t ie s , and 
government f inancing and owning the s tored o i l , and vice ver s a .  In 
the former case , private owners could anticipate a return on inves t­
ment by renting the s torage to government through operating fees . 
Additiona l ly , such a sys tem might encourage u s e  of  indus try exper­
tise in the des i gn , cons truction and operation of the faci lities . 
In the alternative , government might provide the s torage faci l i ty 
for indus try partic ipants to s tore their o i l  in . Hybrid owners hip 
invo lve s inevi tab le comp lexi ties in re lationships among the parties 
and could be d i f f i cult i f  not impractical to admini s ter . 

Government Ownership and Financ ing 

Whi l e  at f irst glance it may appear counter- intuitive , the 
concept o f  government ownership of national security storage should 
be much more s traightforward than any a lternative cons idered . The 
factors supporting government ownership and f inancing inc lude: 

• The bas ic purpose of  a national security s torage system is  
to reduce the risk of  externa l threats to the we l l-being 
o f  the Nation , a ro le analogous to that o f  a maj or weapons 
system . 

• The bene f i t s  o f  having petroleum s ecurity stocks avai l able , 
in the event o f  an imports denia l ,  accrue to the entire 
Nation rather than j ust a spec i f ic industry , group o f  
consumers , o r  region . 

• The nature and requirements of a s ecur i ty s torage sys tem 
are such that they cannot be undertaken and f inanced by 
private indus try as a normal bus ine s s  investment . 

• Pub l i c  pol i c ie s  wi l l  determine the l evel o f  security 
s torage and control the acce s s  to and di spo s ition o f  
national s ecurity s tocks in the event o f  a n  emergency . 

• Government a lready maintains ownership o f  security reserves 
o f  petroleum at NPR- 1 . 
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• Substantial legal and hi storical precedent exi s t s  for 
government owner ship and financ ing of emergency s tockpiles 
o f  critical materials . 

Government ownership and control o f  secur i ty 
facil ities should not preclude invo lvement o f  the 
des ign , construction ,  management ,  and operat ion . 
read i ly be ob tained by the government through use 
tors , which i s  common practice in a wide range of 
ment programs . 

s torage crude and 
private sector in 
Thi s  expertise can 
of private contrac­
governmen t procure- ·· 

The government could f inance the secur i ty s torage system from 
general revenue funds or from a dedication o f  exi s ting energy­
related revenue s ,  such as fees on imports , exc i s e  taxe s on products , 
etc . In ef fect , all  taxpayers would pay for the secur i ty s torage 
under either alternative unless  incremental energy- related taxes or 
fees were imposed , in which case a more direct burden would be 
placed on certain energy consumers . 

In summary , the Counc i l  reiterates that the bas ic purpose o f  
the national security crude s torage system i s  t o  protect the phys ical 
and economic security o f  the entire Nation . A number o f  a lternative 
financ ing and ownership plans were analyzed in an e ffort to develop 
a program which would achieve the above purpos e , attain equi table 
partic ipation , and be cons i stent with the Nation ' s  goa l  o f  increased 
energy sel f-sufficiency . The only financing alternative s  found to 
meet these cri teria invo lve direct or indirect government f inancing . 
The Federal Government should continue to own crude from NPR-1 ( or 
its exchange equiva lent ) when transferred to and s tored in Gu lf Coas t 
salt domes . Government i s  also in the best pos ition to own and con­
trol thes e  crude security s torage faci l i ties . Des ign , construction , 
management , and operation o f  the system should be contracted on a 
competitive bas i s  to qua l i f ied private companies under the supervi s ion 
of the appropriate government agency . Thi s  agency should not itself 
attempt to dupl icate or overlap existing private indus try capab i l i ty .  

IV . Ba�ed on the above fiinding� and eonelu�ion�, the National 

Pet�oleum Council �eeommend�: The Fede�al Gove�nment 

�hould fiinanee, own and eont�ol the e�ude oil �eeu�ity 

�to�age �y�tem utili zing p�ivate indu�t�y expe�ti�e in 

de�ign, eon�t�uetio n, management , and ope�ation. 

V .  FEDERAL ACTIONS THAT MI GHT AS S I S T  OR DETER PROMPT IMPLEMENTATION 

An early and de fini tive reso lution on the part o f  the Federal 
Government that a security s torage petroleum re s erve i s  a matter of 
high national priority i s  e s s ential to the expedi tious completion 
of the program . Since conditions cons tantly change , attempts to 
answer al l que s t ions regarding the ul timate extent of the program 

2 1  



can only de lay the attainment · o f an initial degree o f  s ecurity aga inst 
petroleum import denials . 

One federal department or agency should be des ignated to 
direct the petroleum security s torage program . I f  one federal 
department or agency i s  not c learly des ignated , competition among 
the many federal departments and agencies that could have partial 
j uri sd iction over individual facets . o f  a s torage program could 
sub s tantially de lay completion and increase costs . 

Completion of  environmenta l studies and preparation o f  Environ­
mental Impac t Statements , as required by the National Environmental 
Policy Act , is a f ir s t  and mo st important s tep for the respons ib l e  
department or agency . Brine dis charge plans should be d i s cus s ed with 
the Environmental Protection Agency ( EPA ) as  ear ly as pos s ib le , and 
the EPA s hou ld be reque sted by the responsible department or agency 
to expedite action on the appli cation for a d i s charge perm it . 

Author ity under the Defense Product ion Act should be used i f  
nece s sary t o  expedite de l ivery of materia l s  o r  equipment that threaten 
to delay the security storage program . The res pon s ible department 
or agency s hould be empowered to exercise the right of eminent 
domain should it become nece s s ary in securing the needed surface 
s ite s and pipe l ine r ight-of-ways . Because NPR- 1  reserves in the E lk 
Hi l l s  f ie ld should be used as the bas i s  for securi ty s torage f i l l , 
enab l ing l egi s lation must be pas s ed to al low development for this  
purpos e . 

To minimi ze uncertainty in re sponding to an emergency denial o f  
petro leum imports , legi s lation should provide an opera tional de f ini­
tion o f  an energy emergency , require conservation measure s prerequi­
site to withdrawa l s  f rom se curity s torage , and empower the Pres ident 
to activate withdrawal mechani sms after energy emergency guide l ines 
are met . S ince expedi tious movement of oil out o f  securi ty s torage 
wi l l  be neces sary in an energy emergency , the Pre s ident s hould be 
author i zed to engage ve s s e l s  not normal ly permitted in the coas twise 
trade to transport oi l cargoes between u.s. ports , if required . 

F inally , legi s lation should provide for eas ing conf l i ct- of- inter­
est and antitrust restrictions to permit knowledgeab le industry peo­
ple to as s i st the Federal Government in implementing any phase of the 
secur ity storage program . 

I t  should be noted that pos itive action by the United States . to 
deve lop a s i gni ficant petroleum security storage system wou ld ful f i l l  
our ob ligati on under the International Energy Program ( IEP )  Agreement , 
would help to accomplish the IEP ob j ectives , and could result in more 
favorab le re s o lution of other rEP/International Energy Agency ( IEA } 
related matter s .  The U . S . ob ligation for emergency res erves under the 
IEP is to maintain emergency reserves suf f i c i ent to sustain consump­
tion for at leas t 6 0  days with no net o i l  imports based on the average 
dai ly consumpti on level of the previous calendar year . The govern­
ing board wi l l  determine the date at whi ch emergency res erve require­
ments wi l l  be raised to 9 0  days . Securi ty s torage requirements for 
emergency petro leum res erves in the United States are not fully corn-
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parab le with mo st European requirements or the IEP def initions . In 
19 7 4 , the U . S .  indigenous crude oil  and natural gas produc tion suppl ied 
almost 6 3  percent of petro leum requirements .  The United States i s  
also much larger geographi cally than other I E P  c ountr ies and requires 
a much hi gher leve l of working s tocks j us t  to maintain an operab le 
supply and di s tributi on sys tem . When minimum operating inventory leve ls 
for crude o i l  and ref ined products in the Uni ted S tate s are cons idered , 
an adj us tment of over 8 0 0  MMB i s  required in the IEA formu l a . At the 
current leve l of imports and stocks , as we l l  as at the pro j ected 19 8 5  
level , about 5 0 0  MMB o f  additiona l s torage i s  required to provide for 
protection agains t a total crude and product import interruption for 
90 days . S ince an interruption of tota l imports is b e l i eved high ly un­
likely , a 5 0 0  MMB reserve , in conj unction with other emergency meas ­
ures , would protect agains t a probab le deni a l  s ub s tant i a l ly longer 
than 9 0  days . 

V .  Ba�ed on the above 6 �nd�ng� and eonelu��on�, the Nat�onal 

Pet�oleum Coune�l �eeommend� : Fede�al leg��lat�ve and 

adm�n��t�at�ve aet�on �hould be taken p�omptly to autho�� ze 

and exped�te a pet�oleum �eeu��ty �to�ag e p�og �am � n  �t �� 

to be ava�lable n o� 6 �ll by 1 9 7 9 . The�e aet�on� �hould 

�pee� fi y : 

• A ��ng le 6 ede�al depa�tment o� ageney to ove��ee 

the p�og �ami 

• The ta�g et volume� and t�me �ehedule 6 o� �eeu��ty 

pet�oleum �toek� to be �n �to�agei 

• Ea�ly �n�t�at�on and eomplet�on o n  env��onmental 

�tud�e�i 

• The autho��ty to develop and p�oduee U P R - 1 a� the 

ba��� o n  �to�ag e 6 �ll i 

• The metho d o fi  g ove�nment 6 �nane�ng i 

• Gu�del�ne� unde� wh�eh the P�e��dent may �n�t�ate 

eme�geney w�thd�awal and t�an�po�tat�oni and 

• Ea��ng o 6  �e�t��et�on� on �ndu�t�y pe��onnel to pe�­

m�t them to a����t the gove�nment �n �mplement�ng any 

pha�e o 6  the �eeu��ty �to�ag e p�og�am . 
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CHAPTER I 

CRUDE AND PRODUCT STORAGE REFINING/LOGISTICS ANALYSES 

INTRODUCTION 

The September , 1 9 7 4 , NPC Emergency Preparednes s  Report 
conc luded that the United States should create a petro leum security 
storage system that , in combination with other ava i l able measures , wi l l  
provide adequate time t o  react positive ly to a substantial , sudden 
interruption in petrol eum supplies . It wa s suggested that 5 0 0  MMB of 
crude o i l  located in caverns leached in Gul f  Coast s a lt domes , in 
combination with norma l ly avai lable inventories , would provide supply 
protection for a large range of  proj ected petro leum imports . 

Although the exact leve l of  security s torage required i s  di f f icult 
to define , it appears that 5 0 0  MMB o f  crude storage is a reasonab le 
initial approach and represents an ambitious undertaking . The factors 
difficult to a s s e s s  in arr iving at a reas onab le leve l are future levels  
o f  demand , leve l o f  Un i ted States energy s e l f-suf ficiency , leve l and 
source of imports , and the timing and duration o f  the denial . 

During the first quarter of  1 9 7 4 , whi le the 1 9 7 3-1 9 7 4  embargo was 
in maximum ef fect , imports averaged 2 . 2  MMB/D les s than ear l i er proj ec­
tions and 1 . 6  MMB/D les s than November , 1 9 73 , total imports of about 6 . 9  
MMB/D ; 3 . 5  MMB/D be ing crude o i l . As shown in Table 1 ,  pro j ected 
average medium case total crude and product imports , for the 1 9 8 0-19 9 0  
period , are 8 . 1  MMB/D , an increase o f  1 . 2  MMB/D over November , 1 9 7 3 . 
However , the pro j ected crude o i l  imports increa se to an average of  5 . 5  
MMB/D , or 2 MMB/D more than November ,  1 9 7 3 . I t  i s  e s t imated that in 
the 1 9 8 0 ' s  emergency conservation measures could reduce petro leum 
demand in the Un ited State s by about 1 . 0 MMB/D , l eaving a net shortfall 
of about 4 . 5  MMB/D if  there were a tota l crude oi l denial , and about 7 . 1  
MMB/D in the unl ikely event o f  a total petro leum imports denial . A 5 0 0  
MMB security storage sys tem could , therefore , by its e l f  protect against 
a tota l imports denial o f  70  days , and a crude oil only total denial o f  
1 1 0  days . In addition to the protection o f f ered b y  such volume s in 
security storage ,  protection ( t ime to implement emergency preparedne s s  
plans ) would b e  provided b y  volume s o f  imported crude in tran s i t  a t  the 
time of an interruption and that in usable United State s working 
inventories . 

European countries , which are much more dependent on imports than 
the United States , provide an example . The se countri e s  general ly 
require s ecurity s torage equivalent to 90 days of  prior year imports , 
and they permit a portion o f  indus try working s tocks to be counted 
against such requirements .  The level of  protection provided by a 5 0 0  
MMB security petroleum storage sys tem for the United State s brackets 
the 9 0-day protection leve l planned by the other consuming countries . 
I f  author i z ed in 1 9 7 5 , and expeditiously implemented s tarting ear ly in 
1 9 7 6 , f i l l  could s tart in 1 9 7 9  with s igni f icant s torage avai lab le in 
the ear ly 1 9 8 0 ' s . The need for a larger volume i s  doubtful and the 
costs so great that any dec i s ion should be deferred at least unti l  
ini tial steps are taken toward imp lementation of  a 5 0 0  MMB first phase . 
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The ob j ectives of this  chapter are to : ( 1 ) examine proj ected 
petroleum supply and demand patterns in the United S tate s , ( 2 }  a s s e s s  
the probable impact o f  a future crude embargo and comb ination crude and 
product denia l , ( 3 )  explore feasible U . S .  re f ining and log i s tical 
re sponses  to the hypothetical embargoes , and ( 4 )  e s t imate spec i f ic 
product s hortfalls  that cannot be reasonab ly covered through the proces ­
s ing of s ecur i ty crude and , for these , t o  sugges t  appropri ate actions 
for relieving the indicated shortf a l l s . 

BASE CASE PETROLEUM SUPPLY AND DEMAND 

In order to a s s e s s  the abi l i ty o f  the U . S .  refiners to cover an 
embargo- induced petroleum product shortfall with secur i ty s torage 
crude , it is nec e s sary to first establish a bas e  case whi ch de scribes a 
future U . S .  petroleum supply and demand s i tuation . The NPC survey 
medium case pro j ections for 1 9 7 8  as reported in the NPC Emergency 
Preparedness Report dated September 1 9 7 4  were used as the bas i s  for the 
total u . s .  supply s ituation . The data conta ined in the September 1 9 7 4  
NPC Report concerning exi sting and announced U . S .  re fining capacity 
wi th good or average probab i l i ty of  completion be fore 1 9 7 8  were also 
used to pro j ect u . s .  ref ining capac i ty for that year by P etroleum 
Admini s tration for Defense (PAD ) D i s tricts . The previous ly documented 
NPC proj ections for 1 9 7 8  were uti l i z ed to repre s ent a base case U . S .  
petro leum supply and demand balance and dome s t i c  ref ining s ituat'ion . 
However , it should be noted that the results o f  the analyses o f  the 
u . s .  ref ining and logi stical response to a future interruption of  
petroleum imports are relatively insens itive to the base case a s s uming 
a re lative ly cons tant ratio of crude and product imports , s ince spare 
ref ining capac i ty is the mo st significant variab l e  whi ch would a f fect 
the embargo re sponse with s ecurity s torage crude . Therefore , the 
conc lus ions and recommendations of  these analyses are app l icable beyond 
1 9 7 8  and are val id for the period after secur i ty s torage i s  comp leted 
in the 1 9 8 0 ' s . 

In order to appropriately al locate among the various PAD D i s tricts 
the NPC s urvey proj ections for total u . s .  petroleum supply and demand , 
an analy s i s  was completed by PAD Di stricts o f  the u . s .  Bureau of Mines 
Petro l eum Statement ( 1 )  year-end s ummaries for 1 9 6 9  through 1 9 7 3  for 
h i s torical trends . In this  way an estimate was made of a normal 19 7 8  
supply and demand s ituation for each PAD D i s trict , a s  shown in Table 2 ,  
indicating the mos t  probable amount of  domestic crude being ref ined in 
each d i s trict , the requirements for imported crude , and the probab le 
leve l o f  product imports . 

The historical trends as determined from the 1 9 6 9 - 1 9 7 3  u . s .  Bureau 
of Mine s Reports were also us ed to prorate total U . S .  dome s ti c  demand 
and export s  among the PAD D i s tricts . Dome s tic crude production for 
each PAD Di strict was based upon U . S .  Bureau of Mines data for 1 9 7 3  
with the fol lowing adj us tments : PADS I and I I  were held re lative ly 
cons tant , PAD IV shows a s light increase of 100 MB/D , PAD V was in­
creased by 1 , 400 MB/D to ref lect North S lope production , and PAD I I I  w a s  

{ l } u . s .  Bureau o f  Mines , 11 Annua l Petro l eum S tatements , n  Mineral I ndus ­
tr ies Survey . 
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TABLE 2 

PROJ ECTED U . S .  SUPPLY/ DEMAND BALANCE - 1 978 (Mi l l i on Ba rre l s Per Day} 

I 
Domesti c Demand 7 . 8  
Exports 0 . 02 

TOTAL O I L  DEMAND 7 . 82 

Domesti c Producti on 
Crude and Condensate 0 . 1  
NGL and Other 0 . 02 

Imports 
Crude 1 . 8 
Prod ucts , Unfi n i s hed & Other 2 . 53 

Proces s i ng Ga i n  and Other 0 . 07 

Interd i stri ct Domest i c Movements 
Crude 0 . 1 
Products , Unfi n i s hed & Other 3 . 2 

TOTAL O I L  SU PPL Y 

MEMO : 
Refi n i ng Capac i ty 
Capac i ty U sab l e For Crude 
Crude Run s 

7 . 82 

2 . 2  
2 . 0  
2 . 0 

I I  

5 . 2 -
5 . 2 

1 . 0 
0 . 3 

1 . 0 
0 . 08 

0 . 1 2  

1 . 8 
0 . 9  

5 . 2  

4 . 2  
3 . 8 
3 . 8  

PAD D I STR I CTS 
I I I  

3 . 7  
0 . 1 1 

3 . 81 

5 . 6  
1 . 2 

2 . 0  
0 . 1 9 

0 . 20 

( 1 . 6 )  
(_3_. 78 ) 

3 . 81 

7 . 1  
6 . 5  
6 . 0 

I\7 

0 . 5  
-

0 . 5  

0 . 8  
0 . 04 

--
0 . 02 

( 0 . 3 )  
(0 . 06 )  

0 . 5  

0 . 5  
0 . 5  
0 . 5  

\] 
2 . 5  
0. 07 

2 . 57  

2 . 5  
0 . 04 

0 . 2  -
0 . 09 

( 0 . 26 )  

2 . 57 

2 . 9  
2 . 7 
2 . 7 

u . s .  
Tota l 

1 9 . 7  
0 . 2  

1 9 . 9  

1 0 . 0  
1 . 6 

5 . 0 
2 . 8  

0 . 5 

1 9 . 9  

1 6 . 9 
1 5 . 5  
1 5 . 0 



adj us ted to b a lance on tota l . Total U . S .  dome s t i c  producti on of natur­
al gas l iquids (NGL ) and other was prorated for each PAD D i s trict in 
accordance with hi storical patterns . Total U . S .  crude imports were 
allocated to the individual PAD Di s tricts in accordance with h i s torical 
trends and the ref inery capacity additions indicated e ar l ier , with the 
fo l lowing additional cons iderations : PAD V crude imports were reduced 
to a nominal 2 0 0  MB/D to a l low for spec ialty crude and re f i ners who do 
not plan to proc e s s  North S lope crude ; PAD I I  at 1 , 0 0 0  MB/D inc luded 
on ly 3 0 0  MB/D of Canadian crude due to Canadi an export curtai lment 
(whereas in 1 9 7 3  virtual ly all 7 0 0  MB/D o f  crude imports were C anadian ) ; 

PAD I was set to meet pro j ected demand requirement s ; PAD IV inc ludes 
negl igible imports ; and PAD I I I  was balanced on total . P roduct imports 
were prorated in accordance with h i s torical trends with the maj ority of 
u . s .  product imports required for PAD I .  Interdi strict movements of 
both dome stic crude and products were based upon h i s torical data and 
the pro j ected ref inery capac ity by PAD D i s tricts . The app l icab i l ity of 
historic relationships for estimating future crude and product import 
di s tr ibutions and interd i s trict movements has been a s s umed ; however ,  it 
should be noted that the se patterns could change over time . 

The total pro j ected u . s .  crude runs o f  1 5 . 0  MMB/D for 1 9 7 8 , which 
inc lude s 1 0 . 0  MMB/D of domestic production and 5 . 0 MMB/D of imports , i s  
distributed among the proj ected re f ining capacity for the individual 
PAD D i s tricts , as shown in Table 2 .  Re f in ing capacity inc lude s exi sting 
and announced U . S .  capaci ty with good or average probab i l i ty of comple­
tion by year- end 1 9 7 7 . Capac ity usab le for crude af ter exc luding other 
ref inery inputs and cons idering hi s tor ical uti l i z ation of reported 
capac i ty is approximate ly 9 2  percent of total . Thus , the pro j ected ca­
paci ty u s ab le for crude in 19 7 8  is  as sumed to be 1 5 . 5  MMB/D whi ch would 
result in approximate ly 5 0 0  MB/D of spare crude ref ining capac i ty . Th is 
spare capac i ty i s  expected to be pr imar i ly in PAD I I I . 

PROBABLE INIT IAL EMBARGO EFFECTS 

A sudden and l imited duration interruption of 3 MMB/D of petroleum 
impor ts was cons idered whi ch cou ld be ei ther a l l  crude or a comb ination 
of 6 0 pe rcent c rude and 4 0  percent product denia l .  An a s s e s sment wa s 
made as to where ·a future embargo would l ike ly impact geographi ca l ly . 
Table 3 shows the deni a l  effects on the a s s umed 1 9 7 8  base case imports 
of bo th type s of embargoe s according to PAD D i s tr i c t s . Figures 1 and 
2 show s chematica l ly the proj ected imports to the u . s . and the initial 
denial e f fects . In 1 9 7 8 , neg ligible imported crude and products and 
only impo rted specialty crudes wi l l  be requi red for PAD v .  Therefore , 
a fter completion of th e Trans A laskan pipe l ine , PAD D i s tr icts IV and 
V would mos t  probably be least af fected by a future den i a l  o f  crude 
and produc t s . The need to provide a formal crude secur i ty s torage sys ­
tem for We s t  Coa s t  ref iner ies during the 1 9 8 0 ' s  i s  uncerta i n . North 
S lope crude de l iver ies are expected to beg in by 1 9 7 8 . However , future 
We s t  Coas t impor t vo lumes wi ll depend on the growth in D i s tr �ct V o i l  
demand whi ch depends in part on the level o f  gas supp l ie s , the future 
leve l of produc tion from new d i s coveries , i nc l udi ng o f f s hore and secon­
dary/tertiary recovery , the vo lume of North S lope crude moved into Dis­
tric ts I-V , and the avai lab i l i ty of E lk H i l l s  crude to mee t Di s trict V 
requiremen ts . Some or al l of  these fac tors may be c lar i f ied wi thin the 
next 2 to 3 year s . I n  addition , i t  may be pos s ible to s upp ly D i s trict 
V imports by exchange during an embargo . Therefore , a dec i s ion on 
crude secur i ty s torage for D i s trict V shou ld be made at a later date . 
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TABLE 3 

POTENTIAL EMBARGO E FFECTS ON U . S .  I MPORTS - 1 978 
( Mi l l i on Barrel s Per Day) 

PAD D I STR ICT 
3 MMB/D DEN IAL (ALL CRUDE O I L )  I I I  I I I  IV 

Ba se Crude Imports 1 . 8 1 . 0 2 . 0  0 

Deduct Canad ian  Crude 
froo PAD I I  a nd Spec i a l ty Crude 
from PAD V { 0 . 3 l 

Su b-Tota l 1 . 8 0 . 7  2 . 0  0 

3 MMB/D Crude Den i a l  ( 1 . 2 }_  ( 0 . 5 )  0 . 3 )  0 

Net Crude Imports 0 . 6  0 . 2  0 . 7  0 

3 MMB/D DEN IAL ( 60% CRUDE AND 40% PRODUCT}_ 

Crude Den i a l  {0 . 7)  { 0 . 3 )  iQ . 8 )  0 

Net Crude Imports 1 . 1 0 . 4 1 . 2 0 

Ba se Produc t Imports 2 . 53 0 . 08 0 . 1 9 0 

Produc t Den i a  1 ( 1 . 09 )  { 0 . 03 )  ( 0 . 08 ) 0 

Net Product Imports 1 . 44 0 . 05 0 . 1 1 0 

u . s .  
v Tota l 

0 . 2 5 . 0  

( 0 . 2 ) ( 0 . 5 ) 

0 4 . 5 

0 ( 3 . 0 ) 

0 1 . 5 

0_ ( 1 . 8) 

0 2 . 7  

0 2 . 8 

0 J!.4) 
0 1 . 6 
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As ide from the as sumed continuing Canadi an crude imports into PAD 
I I  at the a lready reduced rate of 3 0 0  MB/ D , for purpo s e s  of thi s  esti­
mate i t  has been assumed that PAD D i s tricts I ,  II  and I I I  would probab ly 
experience a prorata share o f  either a crude or comb ination crude and 
product s  denial . I t  should be noted , however ,  that re-optimi z at ion 
under embargo conditions should divert non- embargoed imports and ships 
at sea to PAD I f rom PAD I I I , with PAD I I I  making up the d i f ference 
with secur i ty s torage crude . 

In order to determine the maj or petro leum products e f fects o f  a 
future denial o f  imported crude or crude and produc t s , an analy s i s  was 
made of the 5-year incremental U . S .  ref ining yield pattern for 19 6 9  
through 19 7 3  uti li z ing U . S .  Bureau o f  Mi ne s Reports ( 2 ) . Re finery 
output of the maj or products was p lotted for each PAD D i s trict as a 
func tion o f  ref i ne ry c.rude throughput , as shown in Appendi x C .  The re­
sul tant incremental yie lds ( s lope of the plots ) for PAD Dis tric ts I ,  I I  
and I I I , a s  pre s en ted i n  Table 4 , were used to e s timate the product-by­
product e f fects for both embargo s ituations . The s e  initi a l  embargo 
product e f fects are shown in Tables 5 and 6 . 

REFINING/LOGISTICS RESPONSE TO A POSS IBLE EMBARGO 

The U . S .  petro leum indus try response to the product shortfal l s  
estimated above was determined for three types o f  security s torage 
crude in order to te s t  for crude qual i ty character i s ti c s . The s e  in­
c luded NPR- 1 E lk Hi l l s  crude ( S tevens zone ) and two combinations of low­
and high- sul fur crude s , namely South Loui s i ana/We s t  Texas Sour and 
Nigerian Li ght/Arab ian Light . Average indus try convers ion ref inery and 
hydroskimming ref inery yields for the se crudes and crude mixtures are 
shown in Table 7 .  The yields for the two low- sul fur crudes cons idered 
are quite s imi l ar as are a l so the yie lds of the two high- sul fur crudes . 
Thus the yields o f  the two crude mixtures are s imi lar for the s ame 
proportion of low-and high- sul fur crudes . The expected ref inery yields 
from Elk H i l l s  crude are not s igni ficantly d i f f erent from the two low­
and high- sul fur crude mixture s .  

For the purpos e  o f  thi s  ana lys i s , it has been a s s umed that security 
crude s torage wi l l  be located in Gul f  Coas t  s a l t  domes to take advantage 
of s igni f icantly lower proj ect cons truction co s t s  and attractive 
overa l l  economic s . For proj ects storing approximate ly 2 5 0  MMB , 
cons truction cos ts for Gulf Coas t salt dome s should range from $ 0 . 8 5 
to $ 1 . 5 5  per barrel ( 1 9 7 5  do l l ars ) inc luding tanker loading faci lities 
as compared to $ 6 . 0 0 to $ 1 2 . 5 0 per barre l for s te e l  tank s torage . An­
nua l maintenance costs after f i l l ing and exc luding ad valorem taxes are 
0 . 5 ¢ per barrel for salt dome storage as compared to 2 . 5 ¢ per barre l 
for stee l tank s torage . An additiona l cos t would be invo lved in 
transporting the crude from the Gulf Coas t  to the East Coas t  when the 
crude is required dur ing an emergency . Thi s  cost could range between 
$ 0 . 5 0 and $ 1 . 0 0 per barrel of crude transported depending upon the s i ze 
of the tanker uti l i zed and tanker rate s exi s ting a t  the time . 

< 2 > u . s .  Bureau o f  Mine s , " Annua l Pe trol eum S tatements , "  Mineral Indus ­
tr ies S urvey .  
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TABL E 4 

1 969- 1 973 I NCREMENTAL REF INERY Y I ELDS 
( Percent of Crude Runs ) 

PAD D I STR ICT 
I I I  

Motor Ga so l i ne 44 48 

D i st i l l a te 20 35 

Jet & Avga s 0 4 

Heavy Fuel O i l 30 1 0  

LPG 6 3 

TOTAL 1 00 1 00 

TABL E 5 

I N IT IAL E FFECT OF CRUDE EMBARGO 
( Mi l l i on Barrel s Per Day) 

PAD D I STR ICT 
I I I  I I I  

CRUDE  D EN IAL ( 1 . 2 )  ( 0 . 5 )  ( 1 .  3 )  

PRODUCT EFFECT : 

Motor Ga sol i ne ( 0 . 53 )  ( 0 . 24 ) ( 0 . 57) 

Di sti l l ate ( 0 . 24 ) ( 0 . 1 8 )  ( 0 . 47 )  

Jet & Avga s ( 0 . 02 )  ( 0 . 03 ) 

Heavy Fuel O i l  ( 0 . 36 )  ( 0 . 05 )  ( 0 . 22 ) 

L PG ( 0 .  07 ) ( 0 .  01 ) ( 0 .  01 ) 

TOTAL ( 1 . 2 )  ( 0 . 5 )  ( 1 . 3 )  

3 3  

I I I  

44 

36 

2 

1 7  

1 

1 00 

TOTAL 

( 3 . 0 )  

( 1 .  34 )  

( 0 . 89 ) 

( 0 . 05 )  

( 0 . 63 )  

{ 0 . 09 )  

( 3 . 0 ) 



TABLE 6 

I N IT IAL EFFECT OF CRUDE AND PRODUCT EMBARGO 
( Mi l l ion  Barrel s Per Day) 

PAD D ISTRICT 
I Ii II I  Tota l 

CRUDE  DEN IAL ( 0 . 70 ) ( 0 . 30 )  ( 0 . 80 ) ( 1 . 80 ) 

PRODUCT EFFECT : 

Motor Ga sol i n e  ( 0 . 31 ) ( 0 . 1 5 ) ( 0 . 35 )  ( 0 . 8 1 } 
D i sti l l a te ( 0 . 1 4 ) �0 . 1 0 ) ( 0 . 29 )  ( 0 . 53 }  
Jet & Avga s 

( 0 .  2 1 ) 
0 . 01 ) ( 0 .  01 ) ( 0 . 02 )  

Heavy Fue l  Oi l ( 0 . 03 )  ( 0 . 1 4 )  ( 0 . 38 )  
L PG {0 . 04 )  ( 0 . 01) ( 0 .  01 } { 0 . 06 }  

TOTAL ( 0 . 70 )  ( 0 . 30 )  ( 0 . 80 )  ( 1  . 8 0 )  

PRODUCT DEN IAL ( 1 . 09 ) ( 0 . 03 )  ( 0 . 08 )  ( 1 . 20 ) 

PRODUCT EFFECT : 

Motor Gasol i n e  ( 0 . 03 )  0 . 03 
D i sti l l a te ( 0 . 1 0 ) ( 0 . 02 )  ( 0 . 1 2 )  
Jet & Avgas ( 0 . 06 � ( 0 . 03 )  ( 0 . 09 � 
Heavy Fuel O i l  ( 0 . 89 ( 0 .  01 ) ( 0 . 03 )  ( 0 . 93 
LPG {0 . 01 ) {0 . 02 )  { 0 . 03 )  

TOTAL ( 1 . 09 ) ( 0 . 03 )  ( 0 . 08 )  ( 1 . 20 ) 

TOTAL PRODUCT EFFECT 

Motor Ga so l i ne ( 0 . 34 )  ( 0 . 1 5 ) ( 0 . 35 )  � 0 . 84 )  
D i s ti l l ate � 0 . 24 � �0 . 1  0 � � 0 . 31 ) 0 . 65 )  
Jet & Avgas 0 . 06 0 . 01 0 . 04 ) ( 0 . 1 1 ) 
Heavy Fuel O i l ( 1 . 1  0 )  ( 0 . 04 )  ( 0 . 1 7 )  ( 1 • 31  ) 
L PG {0 . 05 )  ( 0 . 03 )  ( 0 . 0 1 ) {0 . 09 )  

TOTAL ( 1 . 79 )  ( 0 . 33 ) ( 0 . 88 )  ( 3 . 00 )  

Furthermore , i t  was as sumed that crude withdrawal from security 
storage and shipment would not be limiting f actors in an emergency 
s i tuation . Thi s as sumption was based on s e lection o f  speci f i c  salt 
dome s ite s be ing located ( 1 )  near maj or crude pipel ines capab l e  o f  
de l ivering crude to inland (pipeline connected ) refineries in PAD 
Districts I I  and I I I  at rates compatible with normal crude import rate s 
and ( 2 )  with acce s s  to water such that tanker s  can both del iver crude 
into s torage and be loaded for del ivery out of s torage to u . s .  ref iner­
ies in PAD I who norma l ly receive crude by water ( s ee Figure 3 for sche­
mati c ) . If suf f i c i ent U . S .  f l ag ves s e l s  are not avai lab l e  during an 
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TABLE 7 

REF INERY Y I ELDS FROM SELECTED CRUDES 
( Percent ) 

Ara b i an 30/ 70 South  
L i ght  M i x  La . 

34 35 
1 . 7 0 . 2  

AV E�AGE I NDUSTRY CONVERS ION REF I N ERY Y I ELD , % 
Motor Ga sol i ne 63  57  58 58 

D i sti l l ate 2 3  27 26  23 

Jet & Avga s  1 1  7 8 1 3  

Heavy Fuel  O i  1 3 8 7 6 

L PG 0 1 1 0 
- -

TOTAL 1 00 1 00 1 00 1 00 

HYDROSKIMM I NG REF I NERY Y I ELD , % 
Motor Gasol i ne 30 25 27  24 

D i sti l l ate 2 7  23  24  26  

Jet & Avga s 1 1  7 8 1 5  

Heavy Fue l O i l 27 40 36 30 

L PG 2 2 2 2 
-

TOTAL 97 97 97 97 

Wes t  Tx . 30/ 70 El k 
Sour M i x  Hi l l s 

32 38 
1 . 8 0 . 3  

61 60 60 

23 23 24 

6 8 8 

9 8 7 

1 1 1 
-

1 00 1 00 1 00 

27 26 38 

25 25 1 9  

8 1 0  8 

35 34 30 

2 2 2 
-

97 97 97 
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emergency to transport the s ecur i ty s torage crude or to d i s tr i bute r e ­
f i ned produc t s , uti l i z a t i o n  o f  f o r e i g n  f l ag ve s s e l s  s h o u l d  b e  a l lowed . 
Thus , in an emb argo s i tu a t i on , PAD D i s tr i c t s  I I  and I I I  could be s upp l i ed 
with s ecur i ty s torage c rude through the norma l p i pe l i ne r e c e i p t  s y s tem 
for imported crude . With proper p l anning , the l og i s t i c a l  prob l ems o f  
d e l ivering s e cur i ty s torage c rude ou t o f  G u l f  C o a s t  s a l t  dome s t orage 
dur ing an emerg ency to PAD I could be minima l . Furthermor e , it would 
appear log i c a l  for the ma j o r i ty o f  the rema i n ing crude impor t s  dur i ng 
an embargo s i tuation to be d i r e c ted to PAD I w i th PAD D i s t r i c t s  I I  and 
I I I  supp l ied out of s ecu r i ty s torage , thu s m i n imi z i ng the need to s h i p  
s ecur i ty s torage crude to PAD I .  

I n  determi n i ng the e f f e c t  o f  rep l a c ing the embargoed c rude w i th 
s ecurity s torage crud e , r e f i n ing y i e l d  f l e x i b i l i ty w a s  a s s umed to exi s t  
in each PAD D i s tr i c t  s u c h  t h a t  t h e  rep l a c ement c r ud e  y i e l d s  c o u l d  vary 
b etween the ave rage conver s ion and hydro s k irnfling ope r a t ing mod e s  to 
compen s ate equa l ly for the heavy fuel o i l  short f a l l  re s u l t i ng f rom a 
crude den i a l . Th i s  i s  a r e a s o nab l e  a s s ump t i o n  b a s e d  upon the U . S .  
ref in ing i ndu s t ry ' s  demon s trated f l exib i l i ty to v a ry y i e l d p a t t e r n s  and 
he avy fuel o i l  produc i b i l i ty .  

Tab l e  8 s hows the e s t imated respon s e  to a future c r ud e  d en i a l  by 
maj or produ c t s  and PAD D i s tr i c t s  for the three typ e s  o f  s e c ur i ty c rude s . 
Pro c e s s ing o f  c rude d o e s  not s igni f i c an t l y  a f f e c t  l i qu i f i e d  petro l e um 
gas ( LP G )  product ion and there fore any future requi rement f o r  impo rted 
LPG should not depend o n  s ecur i ty s torage crude f o r  impo r t  den i a l  
pro t e c t i on . A s l ight s h o r t f a l l  o f  mo tor g a s o l i n e  and d i s t i l l a t e s  was 
c a lcu l ated ; however ,  th i s  c an e a s i ly be o f f s e t by a product s h i f t from 
j et and avi ation f ue l s . There fore a crude d en i a l  a l on e  wou l d  appear to 
be manageab l e  wi th crude only in s e c ur i ty s to r ag e . 

The product re s pon s e  to a comb i na t i o n  imported crud e  and prod u c t  em­
bargo i s  pr e s ented in T ab l e  9 ,  by PAD D i s tr i c t . The d e n i ed imported 
crude ( 1 . 8 MMB/D ) would b e  r ep l aced together w i th an add i t i o n a l  0 . 5  MMB/D 
of s e cur i ty s torage crude to f i l l  spare r e f i n i n g  c apa c i ty in the Uni ted 
S tate s . I n  the event that no s pare r e f i n i ng c ap a c i ty ex i s t s i n  the 
futur e , add i t i on a l  crude runn ing might b e  ach i eved dur ing an emergency 
s i tuation by d e f e r r i ng oth erwi s e  norma l l y p l anned r e f i nery u n i t  mainten­
ance s hutdowns and incurring other non- opt imum o p e r a t i ng s t e p s . A 3 per­
cent incr e a s e  o f  u s ab l e  c apac i ty from th e h i s to r i c  9 2  p e r c e n t  to 9 5  per­
cent o f  reported c ap a c i ty wou ld h ave an equ i v a l e n t  e f f e c t  o f  f i l l i ng the 
pro j e cted 1 9 7 8  spare c apa c i ty of 5 0 0  MB/D . Of the rema i n ing ava i l ab l e  
0 . 7  MMB/D o f  s ecur i ty s torage c rude , a t  l e a s t  0 . 6  ��B/ D  cou l d  b e  r un i n  
o f f shore ( C a r ibbean ) r e f i n e r i e s  b a s ed on t h e  expe c te d  s p a r e  c ap a c i ty o f  
the s e  r e f iner i e s  dur i ng a n  embargo s i tuation . T h i s  expe c t e d  s pare 
c apac i ty is b a s ed on the a s s umpt i on that a product imp o r t  d e n i a l  
r e s u l t ing from a crude s up p ly den i a l  w i l l  b e  d i s t r ibuted i n  h i s to r i c a l  
proport ion s among t h e  normal U . S .  sour c e s  ( co un t r i e s  o f  import o r i g in ) . 
Based on U . S .  Bur e au o f  M i n e s  data f o r  1 9 7 3  (3) , product impo r t s  f rom 
Car ibbean countr i e s  repre s ented approximat e l y  5 0  p e r c en t  o f  t o t a l  U . S .  
produc t impo r t s . Thus i n  an embargo s i tu a t i o n  i nvo l v i n g  1 . 2  MMB/ D  o f  
denied product impor t s  t o  t h e  Un i ted S ta te s , a t  l e a s t  6 0 0  MB/D o f  
spare r e f ining c apac i ty s ho u l d  exi s t  in C a r ibbe an r e f in e r i e s . 

( 3 )  U . S .  B ureau o f  Mine s , " Annual P e tro l eum S ta temen t , '' Mi n e r a l  I ndus ­
tri e s  S urvey . 
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PAD I 
Motor Ga sol i ne 
D i sti l l a te 
Jet & Avga s 
HFO 
L PG 

TOTAL 

PAD I I  
Motor Gasoli ne 
D i sti l l a te 
Jet & Avga s 
HFO 
LPG 

TOTAL 

PAD I I I  
Motor Ga soli ne 
D i sti l l  a te 
Jet & Avga s 
HFO 
LPG 

TOTAL 

Tota 1 U . S .  
Motor Gasol i ne 
D i s ti l l ate 
Jet & Avga s 
HFO 
LPG 

TOTAL 

TABLE 8 

EST I MATED  RESPONSE TO CRUDE EMBARGO 
(Mi l l i on Barrel s Per Day ) 

PRODUCT SURPLU S/ ( SHORTFALL )W ITH SECU R I TY STORAGE CRUDE 

In i t i a  1 Embargo 
Produc t Effect 

( 0 . 53 )  
( 0 . 24 )  

( 0 . 36 )  
( 0 .  07 ) 

( 1  . 2 )  

( 0 . 24 )  
( 0 . 1 8 ) 
( 0 . 02 ) 
( 0 . 05 )  
( 0 . 01 ) 

( 0 . 50 )  

( 0 . 57 )  
( 0 . 47 )  
( 0 . 03 )  
( 0 . 22 ) 
( 0 . 01 ) 

( 1 . 3 )  

( 1 . 34 )  
( 0 . 89 )  
( 0 . 05 )  
( 0 . 63 )  
( 0 . 09 )  

( 3 . 0 )  

SECUR ITY STORAGE CRUDE  TYPE  AND M IX 
N i ger ian  L i g ht/ So . Lo u i s i ana/ El k 
Arab i an L i ght West  Tx . Sour Hi  1 1  s 

( 0 . 1 5 )  ( 0 . 1 6 )  ( 0 . 07 ) 
0 . 06 0 . 07 ( 0 . 02 ) 
0 . 1 0  0 . 1 2  0 . 1 0  
0 . 02 

( 0 . 05 )  ( 0 . 05 )  ( 0 . 05 )  

( 0 . 02 )  ( 0 . 02 )  ( 0 . 04 )  

0 . 03 0 . 05 0 . 05 
( 0 . 05 )  ( 0 .  07 ) ( 0 . 07 )  
0 . 02 0 . 02 0 . 02 

0 . 06 0 . 06 0 . 1 0 
( 0 . 1 4 )  ( 0 . 1 6 )  ( 0 . 1 8 )  
0 . 07 0 . 09 0 . 07 

( 0 . 01 ) ( 0 .  0 1 ) ( 0 .  01 ) 

( 0 . 06 )  ( 0 . 05 ) 0 . 08 
( 0 . 1 3 ) ( 0 . 1 6 ) ( 0 . 27 )  
0 . 1 9  0 . 23 0 . 1 9  
0 . 02 

( 0 . 05 )  ( 0 . 05 )  ( 0 . 05 ) 

( 0 . 03 )  ( 0 . 03 )  ( 0 . 05 )  
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TABLE 9 

EST IMATED RESPONS E TO CRUDE AND PRODUCT EMBARGO 
( Mi l l i on Barrel s Per Day ) 

SECUR I TY STORAGE CRUD E TYPE  AND M I X  
I n i t ia l  NI�ER I�N L IGHTZARAB I�N [ IGHT s0 . [00 I S IANA7WEST TEXAS SODR EL K H I LLS 
Embargo Run Run Net Run Run Net Run Run Net 
Product  Crude Crude Surp l us/ Crude Crude Surp l us/ Crude Crude Surpl us/ 
Effect Ons hore Offshore ( S hortfa l l )  On s hore Offshore ( S hortfa l l )  On s hore Offs hore (Shortfa l l )  

PAD I 
Motor �a sol i n e  ( 0 . 34 )  0 . 22 0 . 1 6  0 . 04 0 .  2 1  0 . 1 6  0 . 03 0 . 27 0 . 2 3  0 . 1 6  
D i sti l l ate ( 0 . 24 )  0 . 1 7  

0 . 06 ( 0 . 01 ) 
0 . 1 8  

0 . 08 0 . 03 
0 . 1 3  

0 . 05 ( 0 . 06 ) 
Jet & Avgas  ( 0 . 06 )  0 . 06 0 . 07 0 . 06 
HFO ( 1 . 1  0 )  0 . 22 0 . 36 ( 0 . 52 )  0 . 21 0 . 34 ( 0 . 55 )  0 . 2 1 0 . 30 (0 . 59 )  
L PG ( 0 . 05 )  0 .  01 - ( 0 . 04 )  0 .  01  ( 0 . 04 )  0 .  01 - (0 . 04 )  -- -- --
TOTAL ( 1 . 79 )  0 . 68 0 . 58 ( 0 . 53 )  0 . 68 0 . 58 ( 0 . 53 )  0 . 68 0 . 58 { 0 . 53 )  

w I PAD I I  1.0 
Motor Ga soli ne ( 0 . 1 5 )  0 . 1 6  - 0 . 01 0 . 1 7 - 0 . 02 0 . 1 7  - 0 . 02 
D i sti l l ate ( 0 . 1 0 ) 0 . 08 - ( 0 . 02 )  0 . 07 - { 0 . 03 )  0 . 07 - { 0 . 03 )  
Jet & Avgas  ( 0 .  01 ) 0 . 02 - 0 . 01 0 . 02 - 0 . 01 0 . 02 - 0 . 01 
HFO ( 0 . 04 )  0 . 03 - ( 0 .  01 ) 0 . 03 - { 0 .  01  ) 0 . 03 - { 0 . 01 ) 
L PG { 0 . 03 )  0 . 01 - ( 0 . 02 )  0 .  01 - { 0 . 02 )  0 . 01 - ( 0 .  02 ) -- -- --
TOTAL ( 0 . 33 ) 0 . 3  - ( 0 . 03 )  0 . 3  - ( 0 .  03) 0 . 3  - { 0 .  03) 

PAD I I I  
Motor Ga sol i ne { 0 . 35 ) 0 . 63 - 0 . 28 0 . 63 - 0 . 28 0 . 67 - 0 . 32 
D i sti l l ate ( 0 .  31 ) 0 . 33 - 0 . 02 0 . 31 - - 0 . 29 - ( 0 . 02 )  
Jet & Avgas (0 . 04 )  0 . 1 0  - 0 . 06 0 . 1 2 - 0 . 08 0 . 1 0  - 0 . 06 
HFO ( 0 . 1 7 )  0 . 22 - 0 . 05 0 . 22 - 0 . 05 0 . 22 - 0 . 05 
L PG �) 0 . 01 - - 0 . 01 - - 0 . 01 

TOTAL ( 0 . 88 )  1 . 29  - 0 . 41 1 . 29 - 0 . 41 1 . 29  - 0 . 41 

TOTAL U . S . 
Motor Ga sol i n e  �0 . 84 � 1 . 01 0 . 1 6  0 . 33 1 . 01 0 . 1 6  0 . 33 1 . 1 1  0 . 23 0 . 50 
D i st i l l ate 0 . 65 0 . 58 0 . 06 0 . 06 0 . 56 0 . 08 0 . 09 0 . 49 0 . 05 { 0 . 04 )  
Jet & Avgas (0 . 1 1 ) 0 . 1 8  0 . 2 1 0 . 1 8  
HFO ( 1 . 31 ) 0 . 47 0 . 36 ( 0 . 48 )  0 . 46 0 . 34 { 0 . 5 1 ) 0 . 46 0 . 30 ( 0 . 55 )  
L PG ( 0 . 09 ) 0 . 03 - ( 0 . 06 )  0 . 03 - ( 0 . 06 )  0 . 03 - { 0 . 06 )  - - --
TOTAL ( 3 . 0 ) 2 . 2 7 0 . 58 ( 0 . 1 5 ) 2 . 2 7 0 . 58 ( n . 1 5 ) 2 . 2 7 0 . 58 ( 0 . 1 5 ) 



The United S tates has traditional ly rel ied on Caribbean refineries to 
con s i s tently supply between 5 0  to 6 0  percent o f  total Uni ted S tates heavy 
fuel o i l  demand . The bulk o f  these imports came initial ly from the 
maj or ref ining c enters in Venezuela , the Netherlands Ant i l l e s , and 
Trinidad . I n  more recent years , the Virgin I s lands and the Bahamas 
have al so become ma j or suppliers of fue l o i l  to the u . s .  from the 
Caribbean . An even more striking rel i ance on Car ibbean imports i s  
found o n  the U . S .  E a s t  Coast ( PAD D i s trict I }  where import s  have supplied 
8 0  to 9 0  percent of fue l oil  demand over the l a s t  decade . Here again 
the f ive ma j or Caribbean refining centers ment ioned above supply 
almo s t  all  of the fuel oi l impor ts . The dome s tic s uppl ie s  for the 
Eas t Coas t incl ude s hipments of fuel oil from the u . s .  Gul f Coast as 
wel l  as indigenous fue l  oil produc tion on the Eas t Coa s t .  

Total imports o f  approximately 1 . 3  MMB (4 } were rece ived i n  1 9 7 3  
from the Netherlands Anti lles , Bahamas , Trinidad , Virgin I s l ands and 
Puerto Ri co which repres ented about 5 0  percent of the reported capaci ty 
for thes e  countries . ( 5 )  These Caribbean re f ineri e s  are an integra l  part 
of the ref ining capaci ty normal ly serving the u . s .  market and should 
there fore be uti l i z ed in an embargo s i tuation . The s ecur i ty s torage 
crude de l ivery log i s t i c s  of s upp lying thes e  ref ineri e s  are s imi lar to 
thos e  d i s cus sed previously for de l ivering crude to PAD I .  Although 
thes e  ref ineries would probably be suppl ied with the re�aining crude 
imports , the s ame fac i l ities for withdrawing secur i ty s torage crude 
from the Gul f  Coa s t  salt dome s torage and loading on tankers could 
supply the se ref ineries in an emb argo s i tuation ( s ee Fi gure 4 ) . 

S ince a sub s tantial short fa l l  of heavy fue l o i l , especi a l ly in PAD 
I ,  results from the crude and product denial , s e cur i ty s torage crude 
proce s sed in o f f shore fac i l ities would be run at maximum hydro skimming 
yields . The maximum hydroskimming yields for the crude types con s idered 
are shown in Table 1 0 . The overal l respon s e  to a crude and product 
den ia l , a s  pre sented in Tab le 9 ,  indicate s that mo s t  product requirements 
could be met with no insurmountable prob lems . The only potential ly 
signifi can t  remain i ng produc t shortfa ll after proc e s s ing s ecurity s tor­
age crude is PAD I ' s  requi rement for heavy fue l o i l  in the Northeastern 
s tate s . Under .the s tated assumptions , thi s  shortf a l l  could be 4 0 0  to 
6 0 0  MB/D , or approximately 1 5  percent of the total U . S .  heavy fue l o i l  
demand in 1 9 7 8 . Depending o n  the spare re f in ing c apac i ty ava i lable at 
the time of an embargo , the shortfa l l  may be somewhat larger . Further 
cons ideration spec i f ically aimed at thi s  potential expo sure is warranted 
in order to deve lop a lternative s trategies to mi tigate the impact of 
a heavy fuel o i l  shortfa l l . 

STEPS TO COVER HEAVY FUEL OIL SHORTFALL 

A pos s ible s o lution for respond ing to a heavy fue l o i l  shortfall  
i s  product s ecur ity s torage . Heavy fue l o i l  ( or acceptab le s ub s ti­
tutes ; e . g . , disti l l ates } cou ld be s tored in tank s at individua l re­
fineries , termina ls , and/or at the ma j or uti l i t i e s  and individual in­
dus trial  plant locations in the Eastern s tate s . However , th i s  i s  

( 4 )  Ibid . 
( 5 ) orr-& Gas Journal , December 3 1 , 1 9 7 3 , Vo l .  7 1 , No . 5 3 , P age 8 8 . 
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Naphtha 

D i sti l l ate 

Heavy Fuel O i l 

TOTAL 

TABLE 1 0  

OFFSHORE HYDROSKIMMING REF I N I NG Y I ELDS 
( Percent)  

Ni ger i an Arab . 30/70 South West  Tx . 
L i ght L i ght M ix  La . Sour 

30 25  2 7  24 27 

2 1  5 1 0  23 1 0  

46 67 60 50 60 

97 97 97 97 97 

30/70 El k 
M i x  H i l l s  

26 38 

1 4  9 

57 50  

97 97 

very high cos t s torage and there is  a s ub s tant i a l  economi c incentive to 
deve lop alternative means for covering , or at least eas ing , heavy fuel 
oi l shortages be fore initi ating a cos t ly fue l oi l s e curity s torage 
cons truction program on the East Coas t . Thi s  incentive , based on 
covering a 5 0 0  MB/D heavy fue l o i l  shortf a l l  for a 1 8 0 - day period , could 
amount to a capi tal inves tment of over $ 1  b i l l ion ( 1 9 7 5  do l lar s ) ex­
c luding the cos t of f i l l . 

Among the a lternative s teps to cover a heavy fuel o i l  shortfall 
which should be cons idered are : 

• Demons trated ref inery yield f lexib i l i ty 

• D i s ti l l ate b lending to fue l  oi l 

• Extraordinary ref inery yie ld f lexib i l i ty as a condition of 
secur i ty s torage crude receipt 

• Reduce demand through cons ervation 

• Store heavier crude 

• Convers ion to coal . 

The quanti tative impact of thes e  options at the time of an embargo i s  
uncertain ; however , an es timated range of the potenti a l  effect of each 
of these s teps to mi tigate a heavy fue l oi l shortage is pres ented 
in Tab le 1 1 . The actua l magni tude achievab l e  wi l l  depend upon s everal 
factor s prevai l ing at the particular time on the di f ferent s teps . Thus 
a range of the potential impact on heavy fue l o i l  ava i l ab i l i ty i s  
shown a s  a speculative estimate of  what could be expected during an 
embargo or emergency s ituation . A d i s cus s ion o f  each o f  thes e  s teps 
fol lows . 
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Demonstrated Re f inery Y i e ld F l exib i l i ty 

Re f inery yield variation s  can provide f lexib i l i ty in product 
mix . When an emergency s ituation denies the United S tate s a certain 
product that is normally imported , domestic ref ineri e s  can partially 
off set the ef fect by increas ing production o f  that product and , of 
course ,  decreas ing production of other products . Directional ly the 
result would be to spread the shortage , insofar as con s umers are 
concerned , proportionate ly among a l l  the products . 

In order to reduce the pro j ected heavy fue l o i l  shortfall during a 
crude and product denial , product f lexib i l ity o f  re f ineries  should be 
directed toward increas ing the supply of heavy fue l o i l  and di s t i l late s 
and reduc ing the supply o f  motor gasol ine . The abi l ity to vary production 
among the end-products was the sub j ect of a survey o f  U . S .  ref ineries 
conducted by the NPC s taff in 1 9 7 3  which asked re spondents to indicate 
the range in yields pos s ible in 1 9 7 8  based on pro j ec ted operab le capac ity .  
The results were pre sented in the NPC Emergency Preparedne s s  Report dated 
September 1 9 7 4 . Experience indicates that a yield change of approximately 
2 to 3 percentage points is feas ible . Thi s  would be equal to about 1 7 0  
to 2 5 0  MB/D o f  additiona l heavy fuel o i l  avai lab l e  from the 8 . 5  MMB/D 
crude proces sed in PAD D i s tricts I and I I I  to o f f set the heavy fue l o i l  
shortfal l  i n  PAD I .  PAD Di stricts I I  and I V  could also alter their 
yield patterns to supply s ome additional vo lume o f  heavy fue l oil to 
PAD I . . 

Di sti llate Blending To Fue l O i l  

Additional heavy fue l o i l  could b e  produced , princ ipa l ly at. the 
expense of middle d i s t i l l ate s through deconvers ion and b lending of 

TABLE 1 1  

EST IMATED EFFECT OF EMERGENCY STEPS TO COV ER HEAVY FU EL O I L  SHORTFALL 

( Thousand Barrel s Per Day ) 

Emergency Steps 

Demonstrated Refi nery Y ie l d Fl ex i bi l i ty 

D i st i l l ate Bl end i ng 

Extraord inary Refinery Yi e l d Fl exi bi l i ty 

Reduce Demand thro ug h Con servat ion 

Store Heav i er Crude 

Convers i on to Coa l 

TOTAL EMERGENCY POTENT IAL 

4 3  

Range of Add i ti onal 
Heavy Fuel Oi l 

1 70 - 250 

1 50 - 200 

Not Quanti fi ed 

1 40 - 280 

Not Quant if i ed 

0 - 1 00 

460 - 830 



distil l ate fue l s  into heavy fuel o i l . In view o f  the e s t imated 3 5 0  to 
4 5 0  MB/D s urplus producibi l i ty o f  motor gasol ine and di s t i l lates during 
an embargo s ituation with security s torage crude , 1 5 0  to 2 0 0  MB/D of 
d i s t i l l ate blending to heavy fuel o i l  i s  con s idered to be potential ly 
achievab l e . Depending on more rigorous determinations o f  ( 1 ) refinery 
yield f l exib i l ity , and ( 2 ) fue l o i l  user f lexib i l i ty ,  thi s  option might 
be s igni f i cantly expandable . 

Extraordinary Re finery Yield F l exibi l i ty 
. 

During future emergency s i tuations whi ch are s o  s evere as to result 
in a heavy fue l oi l shortf a l l  after normal refinery y i e ld ad j us tment 
s teps have been implemented , extraordinary refinery y i e ld f lexibi li ty 
s teps could be undertaken . Non-optimum s teps could be implemented such 
as by-pas sing and/or shutting down refinery units ( cokers , catalytic 
cracking units and hydrocrackers ) ,  diverting s treams normal ly u s ed to pro­
duce asphal t ,  and ad j us ting base heavy fue l oi l y i e lds up to d i s tribution 
system l imits .  In thi s way petro leum product components could be made 
avai lable for fue l o i l  di spo s ition ; however , the extent to whi ch thi s  
could be accomp l i shed would l ikely b e  l imited b y  the capab i l i ty of the 
individual ref inery ' s  exi sting fue l  o i l  blending equipment ,  s torage 
tanks , loading fac i l ities , pipeline s , marine and terminal fac i l ities , 
all o f  which invo lve mi l lions of do l lars of sub s tanti a l  inve s tment . 
Some ref ineries  may be les s restricted than others and , there fore , have 
spare fuel o i l  produc ib i l i ty which could be uti l i z ed during an emergency . 
Other ref ineries have on ly a l imited amount o f  f lexib i l i ty to produce 
some fue l  oil up to a facil i ty ' s l imi t requi ring ma j or inves tment and 
high incrementa l cos ts to a l leviate . Informa tion was not · r eadily avail­
able puring the development o f  thi s  report for predic ting a reasonable 
range o f  the additional heavy fuel o i l  attainab le through extraordinary 
ref inery s teps . Additional work should be completed , inc luding a 
survey o f  individual ref ineries in PAD D i s tricts I and I I I , in order to 
quanti fy the potential for increased heavy fuel o i l  production through 
extraordinary ref inery s tep s . 

These extraordinary ref inery yield s teps would probably require 
refinery inves tment to implement s ince traditional demand vari ations 
provided for in the typical refinery fac i l ities de s i gn do not require 
thi s  degree of  f lexib i l i ty . 

However , inves tment for increased ref inery heavy fue l o i l  yield 
f lexib i l i ty would a lmo s t  certainly be a more attractive alternative 
than s ecurity s torage o f  heavy fue l o i l . Means o f  cos t . recovery and 
motivation would be required to encourage refineries  to inves t  and to 
initiate otherwise non-economic operating s teps . For example , a minimum 
yie ld o f  heavy fuel o i l  could be impo sed a s  a condition o f  receipt of 
security s torage crude and/or price incentives for y i e ld shifts could 
be spec i f ied . 

Reduce Demand Through Conservation 

The pol icy o f  the government should be to encourage the cons ervation 
of energy . However , even with conservation , a po s s ib l e  future denial 
of 3 MMB/D would require emergency energy curtai lment . Vo luntary 
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measures can be expected to o f fset lo s s  of  only a re l ative ly sma l l  
vo lume of  imports . Therefore , the Federal Government should have a 
s tandby manda tory al location author i ty and plan s  ava i l ab l e  for di s tri­
buting s upp l ie s  in an equi table manner dur ing an emergency .  

Re sidual fue l  o i l  consumption wa s reduced by 7 8 1  MB/D , or 2 2  per­
cent o f  pro j e c ted domes tic consumption during the fir s t  quarter o f  1 9 7 4  
a s  shown i n  the September , 1 9 7 4  Emergency Preparedne s s  Repor t .  Thi s  
reduction was cons idered t o  result from s everal con s training factors : 
lower e lectricity use , warmer than normal weathe r , 2 °  F thermo s tat 
settipg reduction , lower refinery throughput , lower economic activity 
together wi th al location and cons ervation . The extent of energy conser­
vation achieved in the future under norma l condi tions wi l l  depend on 
prices , the rate of deve lopment of additiona l s ources of energy , and the 
intersubstitutab i l ity of fue l s ,  which in turn will depend on pol icies , 
laws , regulations , and government actions at al l leve l s . 

Also , a future embargo may occur after many pr i ce-dr iven e f f i c ien­
cies and vo luntary use- curtai lments have been e f f ected , and l i ttle 
" s lack " remains . Thus , the actual magni tude of  energy cons ervation 
achi evab le under a future emergency s i tuation is d i f f i cult to a s s e s s . 
However , during an emergency per io� , when governmental encouragement of 
cons ervation programs wou ld be more emphat ic , a net reduction of 4 to 
8 percent of heavy fue l oi l consumption may be pos s ib le cons ider ing 
the combined ef fects of cons ervation ef forts directed toward a l l  petro­
leum produc ts . Thi s  would equate to approximate ly 1 4 0  to 2 8 0 MB/D of 
reduced heavy fue l o i l  consumption in 19 7 8 . 

Store Heavier Crude 

Another po s s ible option for increas ing heavy fuel o i l  production 
to cover a future denial is to s e lective ly s tore heavie r  crude s with 
higher fuel o i l  yields ( e . g . , E lk H i l l s  shal low z one crude ) . Whi le 
substantial ref inery f l exibi l i ty exi sts to s h i f t  yie lds o f  various 
products to meet sea sonal needs , the U . S .  ref iner i e s  do not have a 
large amount o f  f lexib i l i ty with regard to crude type s . Alternative 
crude supplies would be required which e i ther match c l o s e ly or exceed 
the qua l i ty of the interrupted supplies . The crude type s and mixes 
cons idered in thi s  s tudy genera l ly qua l i fy as sui tab le sub s t i tutes . A 
more detailed analy s i s  o f  individual re f inery fac i l i t i e s  would be 
required to a s s e s s  the ab i l i ty to uti l i z e  heavier crude s . The e f fect 
of thi s  s tep to increase heavy fuel o i l  production in the Uni ted States 
over what has already been as sumed i s  cons idered to be minor ; however , 
the ab i l ity to uti l i z e  heavi er crudes cou ld exi s t  in o f f shore ref in­
eries and the as sociated advantages should be considered further in de­
termining speci f i c  secur i ty s torage crudes . 

Convers ion to Coal 

During an oil denial per iod , the abi l i ty to convert quickly from 
heavy fue l o i l  to another avai lable fue l could mitigate the potential 
economic and social disrupt ions caused by the denial . In addition to 
the convertib i l i ty o f  the industrial sector from o i l  to gas discussed 
above , substitution o f  coal in electric uti l i ty boi lers should be 
pur sued . During the last emergency period , it was e s timated that 
approximately 2 5 0  MB/D could have been converted from o i l  and gas to 



coal within a 9 0-day period . Actual convertib i l i ty through March, l9 7 4  
was approximately 6 0  MB/D . The unavailab i l i ty o f  coal supp l i e s  o f  
proper qual ity characteri stics and the inab i l i ty t o  obtain a i r  quality 
variance s  were the principle reasons for lower conve r s i on rate s . An 
ana lys i s  documented in the September , 19 7 4  NPC Report of  coal converti­
b i l i ty by PAD D i s tri cts indicated a maximum future potenti a l  conver tibil­
ity of 3 7 5  MB/D , e s s entially all  of which i s  located in PAD I . 

The Energy Supply and Environmental Coordination Act o f  1 9 7 4  ( HR 
1 4 3 6 8 ) , which was s igned into law on June 2 2 , 1 9 7 4 , should directionally 
increase the amount o f  coal be ing burned in uti l i t i e s  through 1 9 8 0 . 
Thi s  Act give s the Federal Energy Admini s tration ( FEA) author i ty to 
require power plants and other ma j or users burning o i l  or gas to switch 
to coal . The s e  convers ions , to the extent pos s ib l e , must comply with 
primary air qual i ty s tandards of  the C l ean Air Act . The Act authori z e s  
temporary suspen s ion o f  a i r  quality res tri ctions o n  coal burning and 
requires the EPA under certain conditions to grant exemption from State 
Secondary S tandard Implementation P lan Regulations to tho s e  who convert 
to coal . The law a l so give s the FEA power to al locate low- sul fur 
fue l s . 

The FEA i s  a l so authori z ed to require new power plants to be bui lt 
to use coal as the primary energy source if the FEA determines that ( 1 )  
us ing coal wi l l  not impair service , and ( 2 )  a r e l i able source o f  coal 
is expected to be available . Under thi s  l aw ,  a s  of June 1 9 7 4 , 42 units 
and 23 plants are in l ine for conver s ion to coal . Some of  the s e  con­
vers ions wi l l  take from 6 months to 3 years . By the order to convert 
these plants , the future convers ion to coal potential of PAD D i s trict I 
wi ll be reduced to approximately 9 0  MB/D ; there fore as much a s  1 0 0  MB/D 
i s  shown in Table 11 for thi s  step . However , i f  coal convers ions are 
maximi zed in the base , there may be no s igni f i c ant increment available 
at the time o f  a future embargo . 

Es timated Po tential Fue l  O i l  F lexibi l i ty 

Thes e  s eeping estimate s indicate a total po tential range o f  ad­
ditional heavy fue l o i l  avai lable through the s e  parti cular emergency 
steps of 4 6 0  to 8 3 0  MB/D plus the non- quanti fied effects of implement­
ing extraordinary re finery yield flexib i l i ty s teps and pos s ibly s toring 
higher yielding heavy fuel o i l  crudes . In addition to thes e  s teps , in 
an emergency petro leum s upply interruption under the provi s ions of the 
International Energy P rogram ( IEP ) Agreement fue l o i l  could be a l locat­
ed to the Uni ted S tate s in l ieu o f  crude . There fore , i t  woul d  appear 
that covering a 4 0 0  to 6 0 0  MB/D shor tfall could be approached and po s­
s ibly achieved through some combination of emergency preparednes s  s teps . 

CONCLUS IONS AND RECOMMENDATIONS 

The above analy s i s  of the potential e f fects of a future interruption 
of imports and the ensuing ref ining and logistical respon s e  with security 
storage crude indicates that : 

• A 3 MMB/D crude denial o f  a duration for which securi ty crude 
s torage has been des igned and s i z ed i s  manageab l e , and the 
impact on the normal u . s .  petro leum supply and demand require­
ments could be minimi z ed to a tolerab le leve l . 
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• A 3 MMB/D crude and product denial ( in a 6 0/ 4 0 percent ratio ) 
could cause approximately 4 0 0  to 6 0 0  MB/D short f a l l  of heavy 
fuel o i l  primari ly in the Northeastern s tates . The impact of 
thi s  shortfa l l  could be mitigated i f  not e s s enti a l ly e l iminated 
through appropriate energy emergency action s teps ; however , 
further and more specific quantificat ion wi l l  be required 
to more definitively a s s e s s  this potentia l .  

As a result of thi s analys i s  it  i s  recommended that : 

• The U . S .  should expeditious ly deve lop a security s torage 
sys tem to initi a l ly provide crude o i l  s torage for the protec­
tion of domestic refinery runs during future emergencies . 

• In view o f  the potential heavy fuel o i l  shortfal l  re sulting 
from an interruption o f  crude and product imports , the u . s .  
Department o f  Interior should conduct a detai led review of 
the ref ineries  located in PAD D i s tricts  I and I I I  ( and if  
pos s ible the other PAD Districts , Eas tern Canada and the 
Caribbean ) to determine their yield f lexib i l i ty to produce 
heavy fuel o i l  under normal condition s  and in an emergency 
s ituation . ( Sugge sted ques tions for such a survey are l i s ted 
in Appendix D )  • Furthermore ,  PAD I fue l o i l  users should be 
s tudied in deta i l  to determine their abi l i ty to use lighter 
o i l s  on an emergency ( a lbei t  non-optima l ) bas i s . 

• Pending the results of more detai l ed refinery and fue l o i l  
user surveys together with a further a s s e s sment o f  other 
potential heavy fue l  o i l  emergency s teps , f inal conc lus ions 
and recommendations regarding heavy fuel or alternative l ight 
o i l  ( e . g . ,  d i s t i l late ) storage should be de ferred , although 
it i s  antic ipated that no such s ecurity s torage wi l l  be 
required . 

• Any future proj ects requiring imported LPG should not depend 
on secur ity s torage crude for protection again s t  LPG import 
denial . 

• The Uni ted S tates should have ava i l able  emergency energy-use 
reduction programs des igned for responding immedi ately 'to 
interruptions o f  o i l  imports .  

• In se lecting the crude type and mix , con s i deration should be 
given to its  heavy fue l  o i l  yield characte r i s t i c s  to the 
extent that dome stic and of fshore ref ining f ac i l ities are 
capable of proce s s ing the heavier crude . Moreover , the 
combined e ffects of shifting ref inery yields and running 
stored crude may require product speci fi cation ( sul fur ) 
relaxation during an embargo . 

• Standby mechani sms to prompt des ired emergency actions , such 
a s yield shi fts toward fue l  o i l , should be formu lated and 
inc luded as part of emergency preparednes s  planning . For 
example , economic incentives  are required to provide cos t  
recovery o f  otherwi se non-economical  s h i f t s  and t o  motivate 
fast and widespread refiner response . 
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CHAPTER I I  

SOURCES AND ECONOMICS OF CRUDE STORAGE F ILL 

INTRODUCTION 

The preceding chapter discussed the mer its o f  inc luding produced 
crude oil in security storage . This chapter wi l l  addres s  the pos s ible 
alternative source s  for produced crude oil to be used as f i l l , in 
terms of the pertinent factors as sociated with each , and the re lative 
expenditure cos t to the economy for each source . 

There are four princ ipa l sources of crude o i l  which can be 
considered for security storage f i l l . These are : 

• Domestic crude oil ; 

• Foreign crude o i l  purchased and tran sported to storage ; 

• Federal royalty o i l ; and 

• Crude oil  from Nava l Pe troleum Reserve No . 1 ( NP R- 1 ) . 

In addit ion to the se po s s ib i l ities  us ing conventiona l crude 
oil , synthetic o i l  derived from a source such a s  shale was  cons idered , 
but its cost was estimated to be substanti a l ly higher , and its  
availabi l i ty more d i stant by severa l year s . 

With the exception o f  o i l  obtained from the Naval Petro l e um  
Reserve , a l l  other source s of  security storage crude would require a 
net increa se in foreign imports .  Present ly , dome stic production i s  
dec l ining even though e s sentially all  United States  o il and gas 
fie lds are be ing produced at their maximum e f f ic ient rate s (MER ' s ) . 
While this trend wi l l  rever se by the ear ly 1 9 8 0 ' s  a s  new areas  enter 
the production base , notably from the Alaskan North S lope , year to 
year dec line s wi l l  resume after only a brie f period , as product 
demand growth outstrips increases in dome stic crude avai l ab i l i ty . 
Unles s new energy sources are deve loped beyond those  pre sently pro­
j ected , or cons ump tion markedly curtai led , increas ed reli ance wi l l  
be p laced upon imports o f  crude and products . 

Security storage of crude oil  has been recommended as  a feasible 
means of  increas ed preparedness to dea l  with the disruption s  to the 
national security , both economic and m i l itary , occas ioned by a 
denial of petroleum imports .  Such stored crude o i l , idea lly , shou ld 
be of a composition to fac il itate ready substitution in the ref ining 
capac ity denied imports with minimal shi ft in de s ired product yield 
and quality , and deterioration to proces s ing and hand l ing equipment .  
Analy s i s  of pro j ected ref in ing capacity in 1 9 8 0 , in the region s  most 
severely impacted by a denial of imported crude oil ( i . e . , PAD S I ­
I I I ) , suggests 6 0  percent of the capac ity cou ld require low- sul fur 
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crudes ( i . e . ,  le s s  than 0 . 5  weight percent sul fur content ) . Whi le 
it cannot be predicted what proportion of  the crude imports den ied 
would be low su l fur , currently about one- third o f  foreign c rude 
imports can be c l a s s i fied as low sul fur . Accord ing ly , crude o i l  
stored under a s ecurity storage program should b e  s egregated into 
low- sul fur and high- sul fur component s  with one- th i rd or more as low­
to medium -sul fur crude . 

With thi s background , each of the potential sources wi l l  be 
cons idered and eva luated . 

CRUDE OIL SOURCE ALTERNATIVES 

Domestic Crude Oil from Exi sting Product ion 

Programs could be des igned to put in storage barre l s  of domestic 
crude diverted from current production and supply to ref ineri e s . 
The supply and storage obl igation could be accomp l i shed a s  a mandated 
sale to the Federal Government by the private produc ing s ec tor , or 
as an ass igned respon s ib i l ity to the several sectors of the pe troleum 
produc ing and consuming indu stries , to inc lude integrated producers 
and refiners , independent re finers , j obbers , brokers , marketers , 
terminal operators , petrochemi cal f irms , uti l it ie s , etc . The is sue s , 
benef i ts , drawbacks ,  inequities and pos s ib l e  consequence s  o f  govern­
men t  vers us private ownership , control and funding are dis c us s ed at 
length in Chapter IV . 

The amount of  domestic crude o i l  supply to be diverted and 
concurrent increas e s  in foreign import requirement wi l l  depend upon 
the vo lume o f  crude o i l  to be s tored and time period for accomp li sh­
ing f i l l . A 5 0 0  MMB s ecuri ty s torage s ys tem crude o i l  requi rement , 
fi l led within 3 years , would equate to an addi tiona l dai ly require­
ment of 4 5 0  MB during the fill  period . Under the s e  circums tances , 
i f the bas i c  need were at the f irs t quarter 1 9 7 5  leve l  ( 3 . 8 MMB/D) 
dur ing the full f i l l  period , the imports would be increased by 
approx imateLy 1 2  percent. Increas ing the national requirement for 
foreign import s is in d irec t conf lict with the goa l s  of Pro j ect 
Independence and the c urrent ac tion programs which seek to re -
duc e imports dependency . 

Cost of the f i l l  to the Nation would be e f fectively the cost of 
the foreign crude used for rep lacement inc lud ing tanker transport . 
Payment in do l lar s to the fore ign producer wou ld be in the direction 
of wor sening the balance of trade . 

· 

From a qua l i ty s tandpo int , wi thdrawa l o f  dome s ti c  crude from 
current runs for storage wou ld requ ire the acqu i s i tion of replacement 
material of  equiva lent gravity , content and yield characteri stic s . 
This would require careful p lanning , e speci a l ly in terms o f  repl acement 
of sweet crude sent to storage , as the world supply/demand balance 
returns to a s i tuation where the Pers ian Gul f , with its high- sulfur 
crude , becomes the maj or incremental source . 
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Purchased Foreign Crude 

I f  it were fea s ible and economic to use purchased fore ign crude 
as security storage f i l l , the obj ective of protection from future 
import supply interruption would be achieved by the use  of fore ign 
reserve s rather than domestic res erves . 

An important factor to cons ider with the use of  purchased 
foreign crude for s torage would be the a tti tude o f  the hos t  govern­
ments , from whom the crude would be s uppl ied . I t  could be speculated 
that they might cons ider the use of  o i l  produced in their countr ies  
directly for this  purpos e  inimi cal to thei r  national interes ts . How­
ever , the International Energy Program Agreement , wi th i ts proposed 
requiremen t for the e s tab l ishment of s trategic reserves by a l l  members , 
and the U . S . intention to create a national secur i ty reserve are 
matters of public record . I t  i s  not pos s ib le to predict what actions , 
if  any , might be taken against the United S tate s , i f  it  cho se to 
acquire foreign crude for security storage f i l l . 

The exc e s s  supp ly of foreign crude now ava i lable would suggest 
that quantities could be acquired for security s torage purpo se s . 
However ,  commitment to a program of substanti a l  volume acqu i s ition 
for this purpose would maintain upward pres sure on world o i l  pr ices . 
Any price increase that i s  occasioned by thi s  increase in demand 
requirement ha s the adver se cost ef fect not only on the securi ty 
storage volume s but on a l l  imported barre l s  that are increased in 
price . In addit ion , such action would impact adversely on the 
energy cost  of the l e s s  industrially develope4 nation s . 

Use of purchased foreign crude for f i l l  increases  total imports 
directly by the volumes purchased . Cost would be the price paid to 
the sel ler inc luding transportation to the United S tate s . Pre sumably , 
if the government were to purchase the f i l l , there would be no need 
to pay itself import tar i f f  fees and duty . Foreign exchange balances  
would be  adversely a ffected by the dol lars used for  payment in the 
foreign exchange portion of the transaction . 

Federal Royalty Crude 

The Federal Government has hi s torical ly leased federal l ands for 
exploration for and production of o i l  and gas by the United States 
petroleum industry . During the early years , pub l i c  and acquired 
properties onshore were invo lved . In 1 9 4 7 , Pres ident Truman by 
Proclamation No . 2 6 6 7  dec lared that " The Government of the United 
States regards the nationa l resources of the subsoi l and sea bed of 
the continental she l f  beneath the high seas  but contiguous to the 
coasts of the United S tates , as  appertaining to the United S tates , 
subj ect to its j ur i sdiction and control . "  By authority o f  thi s  
proclamation , leases were granted by the Federal Government and 
pe troleum deve lopment s tarted outs ide the boundaries o f  the s ta tes 
in the Gul f o f  Mexico , off  Loui s i ana and Texas . S ubs equent addi ­
tional legis la tion has expanded the scope o f  s uch l e as ing , de fined 
procedures and condi tions for such activi ties . 
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Under thi s  program , the Federal Government receives a s  a condition 
of the lease an " owners " royalty payment . Thi s  payment whi ch could 
be in o i l  or money payment was ini ti a l ly a one-e i gh th roy a l ty for the 
onshore tracts lea sed . In more recent t ime s , the s i z e  o f  the royalty 
has moved upward and i s  commonly one-s ixth for o ffshore leases , though 
i t  has been as h i gh a s  3 2  percent for s ome lease s a le contracts . 

The amount of  federal royalty o i l  has increa sed as  the leas ing 
program expanded and reached a peak volume o f  8 8  MMB for the year 
1 9 7 1 . The year to year volume of such o i l  has trended s l ightly down­
ward s ince then and total led 8 0  MMB for the year 1 9 7 4 . 

Federa l royalty o i l  has been set as ide in the past for sale to 
e l igible smal l ref iners who qua l i fy as sma l l  bus ine s s  enterpr i s e s  
under rules o f  the Sma l l  Busine ss  Administration . The se re f iners 
are thus guaranteed an adequate domestic supply o f  crude oil to meet 
the need s of the ir exi sting ref inery capac it i e s . In 1 9 7 4 , 5 3  percent 
of the federa l  royalty o i l  was suppl ied to thi s  group . Roya lty 
oil remain ing after meeting the demand of e l ig ib l e  ref iners is sold 
to the les s ee or to tne operator o f  the lease . During 1 9 7 4 , approxi­
mate ly 38 MMB were handled in this  manner . 

The prices received for royalty o i l  have moved upward with 
dome stic o i l  price s under the price control regulation s  and as 
weighted by the proportions of new and o ld crude o i l  produced as 
de fined by Federal Energy Administration regul ation s . The estimated 
we ighted average price rece ived in June , 1 9 7 5 , i s  in the range o f  
$ 7 . 0 0 t o  $ 7 . 5 0 p e r  barre l . 

Total federal receipts for royalty o i l  increased in 1 9 7 4  over 
the same period for 1 9 7 3  from $ 4 9 4  mill ion to $ 6 7 0  mi l l ion , largely 
the re sult of increase in the price rea l i z ed . 

I f  the current rate of royalty o i l  production were to be main­
tained , and it were to be the sole bas is  directly or indirectly for 
f i l l  of national petroleum secur ity s torage , over 6 years would be 
required for a 5 0 0  MMB sys tem and , of cour s e , longer if a l arger 
vo lume program were instituted or the production rate continues to 
dec line . 

In addi tion , " e ligible " refiners who now buy roughly one-hal f  
o f  a l l  federal royalty oi l would be required t o  obtain repl acement 
volumes which would pres umably be incrementa l foreign o i l  at the . .  sub­
stantial ly higher prices which are required for foreign o i l . About 
$ 7 0 0  mi l l ion per year of government revenue would be foregone if all 
federal royalty o i l  were to fill secur ity storage instead of being 
sold . Thi s  in ef fect becomes the a co s t  to the Federal Government for 
us ing thi s  o i l  for s torage . However ,  the cost to the Nati on wou ld 
be s ignificantly higher , pos s ibly on the order of $ 1  b i l l ion per year 
at c urrent foreign o i l  prices . 

As i s  the s i tuation with regard to purchased domestic crude , 
s ince federal royalty o i l  i s _ now a portion of  dome stic supply to 
United S tate s ref iner ie s , its diversion to security storage would 
require rep lacement with imports to balance the supply . At the 1 9 7 4  
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rate , imports would have to increase 2 2 0  MB/D . Dol l ar s  paid to 
foreign supplier s , insurers and tanker owners for the o i l  would 
contribute to unfavorab le exchange balance s , j us t  a s  in the case of 
purchas ing foreign oil directly for secur ity s torage . 

Naval Petroleum Re serve Crude 

The September , 1 9 7 4 Report of NPC on Emergency P reparedne s s  for 
Interruption of Petroleum Imports into the Un ited State s inc luded-a­
section entitled , " Produc t1on from Naval Petroleum Re serve s " ( l )  
which concluded that o f  the se only NPR-1 ( E lk Hi l l s )  would be capable 
of providing s ign i f icant additional product ion for a number of 
year s . 

The NPR- 1 reserve at  E lk Hills  i s  s i tuated in Kern County near 
Bakers field , Cal i fornia . The field i s  reserved by l aw for us e in 
a national emergency and requires approval of the P re s ident and 
a j oint resolution o f  Congres s for produc tion in exce s s  of the min­
imum required to maintain the field in a s ta te of readine s s  and to 
prevent drainage from adj acent commercial we l l s . Average current 
production from thi s  f i e ld i s  3 MB/D . 

The field i s  reported to have severa l zone s o f  o i l  and gas 
deposits wi th two princ ipa l  zone s - - a  sha l l ow zone at about 3 , 0 0 0  
to 4 , 0 0 0  feet , and the thicker S tevens zone a t  5 , 0 0 0  to 9 , 0 0 0  feet . 
Total proved re serve s are reported as  1 b i l lion barre l s  with pos s ible 
additiona l reserve s e s t imated at 0 . 5 b i l l ion barrels  a s  exp loration 
proceeds . The Navy has an active 5-year exploration and development 
plan whi ch is currently under way wi th five dri l l ing r i gs at work . ( 2 ) 

The shal low zone crude , which represents approx imately one-third 
of the reserves , a s  typi f i ed by an Oc tobe� 1 9 7 4  s ample , had a 2 0 °  AP I 
gravity and a sul fur content of 0 . 9  we ight percent . The grav i ty of 
Stevens zone crude , compr i s ing about two- thirds of the res erves , 
ranges from 2 8 °  AP I to 3 8 °  AP I . Sul fur content range s from 0 . 3  to 
1 . 5  we ight percent . A samp le of S tevens zone crude taken in December, 
1 9 7 3 , which might be ind i cative of the average qua l i ty of  this zone , 
had a gravity of  3 1 . 5 ° AP I and a sul fur content of 0 . 6 5 we ight percent . 

A s igni ficant volume of as soc iated gas i s  present in the S tevens 
zone and the Navy is deve loping plans for optima l gas hand l ing a s  
field development proceeds . Given the necess ary leg i s l ative approval 
and funds , a produc tion rate of  1 3 0  MB/D could be pos s ible wi thin 
several  months and , wi th continued deve lopment , an ultimate production 
rate of 4 0 0  MB/D might be achieved by 1 9 8 0 . 

Maximum ultimate recovery of hydrocarbons from the f ield can un­
doubted ly be achieved by l imiting produc tion to the maximum e f f i c ient 

( 1 ) Page s 8 7 -8 9 . 
( 2 )  Naval Petroleum and S trategic Energy Re serve s Serial No . 9 4 -1 3  

( 9 2 -1 0 3 ) . Sta tement ,  Jack L .  Bowers , As s i s tan t Secretary o f  
th e Navy a t  j o int hearings be fore the Commi ttee s o n  Interior 
and Insular Affairs and Armed Service s ,  Uni ted S ta te s  Sena te , 
March 1 1 , 1 9 7 5 , Page s  1 1 7 ,  1 2 1 . 
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rate ( MER )  • The O f f ice of Naval P e troleum Re s erves in 1 9 7 2  estima ted 
MER at 2 6 7  MB/D . ( 3 ) The MER may be revised a f ter comp l e t ion of the 
current dr i l l ing program . Producing capac i ty dec l ine w i th t ime mus t  
b e  considered s ince s torage f i l l  would take p l a c e  over s evera l years . 
I f  a s us tained rate o f  2 6 7  MB/D could be maintained , 9 8  MMB per year 
of  total production would be ava i l ab l e  from NPR- 1 . S ince the Navy ' s  
share o f  thi s  i s  about 8 0  percent , approximate ly 8 0  MMB per year 
would be ava i l able for fi l l . I f  NPR- 1 production were to be the bas­
is for a 5 0 0  MMB crude secur i ty s torage sys tem , between 6 and 7 years 
would be required to accomp l i sh the f i l l . However , afte r  removal o f  
the 5 0 0  MMB quanti ty s igni ficant producing capac i ty would s ti l l  re­
main at NPR- 1 shoul d  a l arger s torage sys tem be insti tuted . 

P roduc tion deve lopment is  not the only relevant fac tor for pro­
viding NPR- 1  produced crude on a direct or indirect bas i s  for secur­
ity s torage . Currently , only 1 3 0  MB/D o f  pipel ine trans.port c apabil­
i ty exi s ts to  del iver crude from thi s  area to  ref ining and d i s tr ibu­
tion center s at Baker s f ield , S an Franc i s co and Los Angeles . New 
capac i ty wou ld have to be added in a time ly fa shion to achieve util­
ity for the crude whether the se spec i f i c  volume s are transpor ted to 
storage or sold or exchanged for other produced crude , e i ther foreign 
or domes tic , to be placed in s torage . As s i s tant S ecretary of the 
Navy , Bower s , has tes tif ied that tota l pipe l ine c apa c i ty could be 
increased from 1 3 0  to 3 5 5  MB/D within 3 6  months assuming adequate 
planning and funding . ( 4 ) 

Sale or Exchange of Federally -Owned Crude O i l  

I f  federally-owned crude oi l ( royal ty or NPR- l ) were t o  be the 
bas is  of a national petroleum s ecuri ty s torage program ,  p ub l i c  sale 
and/or p lace and time exchanges might be made to de liver s e cur i ty 
crude o i l  into Gulf Coas t s torage at lower transpor tation cos t .  In  
the cas e  of  NP R- 1  crude , there could be transportation advantage for 
de livery of that crude to Wes t  Coas t refiners , in exchange for corn­
parab le crude oi l de livered to securi ty s torage locations in the 
Gulf Coas t . 

D irect exchange to PAD V ref iner s could back out current for e ign 
imports under some c i rcumstance s  with attendant de l ivery o f  fore ign 
imported barr e l s  to the s torage loc ation , pre sumably the Gul f  Coast 
area . Under such a p lan , there would be effect ive ly no net increase 
in the amount of foreign imports or greatly added costs to the 
Nation except for the inves tments required to bring on NPR- 1  produc­
tion and transport i t  to points . of refining or  exchange . 

Exchange s  to achieve e f f ective tran s fer o f  federal royalty 
crude o i l  into se curity storage would not have the same net impact 
on foreign imports . S ince f ederal  royalty crude o i l  is now a part 

( 3 )  Capahil i ty of  the Naval Petroleum and O i l  Shale Res erves to Meet 
Emergency Oil Needs B- 6 6 9 2 7 , Report to Congres s  by the Cornp­
ro ller General of the Uni ted s ·tates , October 5 , 1 9 7 2 , Page 1 6 . 

( 4 ) Bower s , op . c i t . 
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of the Nation ' s  dome s t i c  runs base , withdrawa l by direct or indirect 
means has the resu lt o f  increased imports requirements a s  previou sly 
discus sed . 

Direct s a l e  o f  owned o i l  from either federa l royalty or 
NPR- 1 could a lso be po s s ible a s suming de l ivery c apabi l ity . Fund s 
generated by such sale could be used to purcha se other crude wh ich 
would incrementa l ly be fore ign o i l . In  the case o f  federa l royalty 
oil , thi s  has the impact of increased imports and un f avor ab le balanc e 
of trade e f fect s . I f  i t  i s  a s sumed , as  it has been throughout th i s  
study , that NPR- 1 crude o i l  would not otherwi se b e  produced for 
inc lu s i on in the dome s t ic raw mater ial ba se , fund s gene rated from the 
sale of NPR- 1 c rude o i l  could be used to o f f s e t  the purcha s ed c o s t  o f  
foreign o i l  with l ittle , i f  any , ef fect o n  the leve l o f  imports or 
balance of payment s .  Whi l e  conce ivab ly such a mechan i sm cou ld b e  
logistically advantageous , i t  could have negat ive pol i t i c a l  appea l  
because o f  the required va luat ion r i s k  o f  crude value f luc tuation 
between the t ime when NPR- 1 crude wa s produced and s o ld , the t ime when 
imported crude is purcha sed , and the time when security s torage crude 
is sold . Continuous ownership o f  NPR- 1 barre ls during trans forma­
tion from unproduced to produced s torage may l imi t expos ure to 
po litical or pub l ic cri ticism for mi smanagement . 

The pos s ibi l ity o f  s a le and/or exchange o f  NPR- 1 crude 
oi l to accomp lish equivalent s e curi ty s torage f i l l  in PAD 
Di str i ct I I I  wi l l  become l e s s  likely as additi ona l production i s  
made avai lable t o  PAD V from Pac i f ic OCS re serve s and the North 
Slope operations are begun and brought to the expected leve l of 2 
MMB/D in the early 1 9 8 0 ' s . Wh i l e  e st imate s vary , a crude o i l  surp lu s 
is  pro j ected in D i strict V in the ear ly 1 9 8 0 ' s period . ( 5 ) 

During thi s per iod , there wi l l  be a s igni f i c ant we s tward shi ft 
in the center o f  dome s t i c  petro leum supply moving in a direction 
away from the consuming regions mo st vulnerab le to an import s 
interrupt ion . The nat iona l interest w i l l  be s erved as the l arge ly 
heretofore interdependent crude o i l  and product log i s tical sys tems of 
PAD I - IV and PAD V are integrated , pos s ibly through the u s e  of one 
or more pipe l ine s to connect the are as we st of the Rockies with the 
exten sive d i s tr ibution network east of the Rocki e s . S everal propo sal s 
have been advanced for such a l inkage . The e f fe c t iven e s s  of the 
national secur i ty petro l eum s torage system wou ld be thereby s igni ­
f i c antly enhanced by providing increased f lexib i l i ty in the Nation ' s  
abi l i ty to u s e  its dome s t i c  res erve s . 

We s t  Coa s t  to Texas pipe line sys tems may be bui lt at some time 
in the future . The likel ihood of such cons truction might be improv­
ed by a program to move NPR- 1 produced crude o i l ,  or the equiva lent 
by sale or exchange in PAD V ,  to s ecur i ty s torage in the Gu l f  Coas t . 

( 5 ) The Trans Ala ska Pipe l ine and We s t  Coast Petro leum S upp ly - - 1 9 7 7 -
1 9 8 2 , Ar lon R .  Tus s ing , Chief Economi st , Committee on Inter ior 
and Insu lar Af f a ir s , Un ited State s S enate , Page s 7 , 1 4 . 
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SYNTHETIC SOURCE MATERIAL 

Synthet i c  crude o i l  cou ld a l so be con s i dered as a source o f  
f i l l  f o r  a secur i ty s torage system . Synthetic crude o i l  could be 
produced from s hal e o i l  from federal properti e s  o r  the Naval Shale 
Oil re s erve s . Exi s t i ng techno logy woul d e nabl e the produc t ion 
of a premium qua l ity , hydrotreated , low -sul fur syncrude . The total 
quantity wou ld be l imited for practical purpos e s  only by the s i z e  of 
the venture undertaken and ecological nece s s i tie s .  

However , no commercial shale f ac i l it i e s  are now in operation . 
Development of an o i l  s hale indus try awaits adequate incentive s  to 
cover the e xtreme ly high cap i tal inves tmen t required and the a s s o ciat­
ed risks . Heavy cap i ta l  demands for o ther programs o f  energy deve lop­
ment are ano the r contributing obs tacle . Current p ro j ec ted cos t  for de­
l ivered syncrude is e s timated to be 4 0  percent gre a ter than the current 
de l ivered cost of fore ign c rude o i l . Because o f  thi s  s i tuat ion , it 
is  un l ikely that s igni f i c ant volume s of syncrude f rom o i l  shale wi l l  
be ava i l ab l e  unt i l  sometime i n  the 1 9 8 0 ' s , i f  then . While government 
programs under the Proj ec t Independence obj ective s could be conce ived 
to encourage syncrude deve lopment , i t  i s  unl ike ly to have any fore­
seeable ro l e  in secur i ty petro leum s torage fil l . 

A more l ikely source of security storage barre l s  for a sys tem 
larger than 5 0 0  MMB wou ld be remain ing NPR- 1 re s e rve s , deve loped 
NPR- 4 reserve s , and pos s ibly new increment s of federal royalty o i l  
from expanded OCS produc ing operation s . 

ECONOMI C SUMMARY 

S ince both purcha s ed domestic crude and federal roya lty crude 
must be rep laced by imports , the cos t of the s e  s ources i s  e f fectively 
the same a s  that o f  the purchased rep lacement foreign category . As 
repres entative of imports , a long range pri ce of $ 11 . 0 0 per barre l 
for Pers i an Gul f  crude has been es timated by the FEA . Thi s , p lus 
transportation to the U . S .  Gul f Coa s t  at $ 1 . 5 0  per barre·l , as s uming 
a long- term tanker charter rate for very large crude carriers ( VLCC ' S ) 
at Wor lds cale 7 0 , results in a total cos t  o f  $ 12 . 5 0 per b arre l ex­
c luding tar i f f  fees or duty . This  would be cos t  to the government 
for s e curi ty s torage crude f i l l  derived from imports , expre s s ed in 
current ( 1 9 7 5 )  dol l ars . 

Under the as s umption that NPR- 1 crude would no t be produced , 
except as a national s ecurity resource , cos t o f  f i l l  from thi s  
source would b e  equ ivalent to out-o f-pocket production cos ts for 
deve lopment and operation of  the f i e ld . Order of magni tude es ti­
mate for thi s might be $ 1 . 5 0  to $ 2 . 0 0  per b arre l . Transportation 
to the Gul f Coas t in an a s s umed exis ting or expanded pipel ine is es ti­
mated to cos t $ 1 . 1 5 to $ 1 . 3 5 per barre l , re sul ting in a to tal expendi­
ture cos t  to the government of approxima te ly $ 3 . 0 0  per barre l in cur­
rent ( 1 9 7 5 )  dol l ars . 

I f , however , the as sumption were made that legi s l ation were 
pas s ed to permit the Naval Petroleum Res erves to be produced and 
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sold into the domestic economy , divers ion in that ins tance to 
secur ity storag e would re sult in forego ing a potent i a l  decrease in 
import s' .  Under thi s  a s sumpt ion , the cost o f  f i l l  from NPR crude 
would be the same as the other source s ,  whi cp is e f fective ly the 
cost of rep lacement fore i gn o i l  - - $ 1 2 . 0 0 to $ 1 4 . 0 0 per barre l . 

Use o f  syncrude from federal or naval sha le o i l  propertie s to 
supply a later portion of the f i l l  might require a pr ice of about $ 1 6 . 0 0 
per barrel to provide the nec e s s ary incent ive to produce the materi a l . 
I f  pipe l ine cost o f  $ 1 . 0 0  per barrel i s  as sumed for the nece s s ary 
tran sportation , a tota l of about $ 1 7 . 0 0  per barr e l  i s  the e s t imated 
cost of f i l l  from syncrude mater i a l . Whi l e  thi s  would be a higher 
cost to the government than direct purcha s e  of fore ign supp l i e s , it 
wou ld be money spent in the United S tate s to the bene f i t  of the 
United States ' economy . 

CONCLUS IONS AND RECOMMENDATI ONS 

Cons ideration of the se factors leads to the fo l l owing conclus ions 
relat ive to produced crude oil f i l l  for s e cur ity storage : 

• S ince the Uni ted States producing indus try i s  expected to 
continue operating e s s enti a l ly at its max imum e f f i c ient 
rate , the d iver s ion o f  purcha sed dome s t i c  c rude o i l  to 
secur ity storage means that an equ ivalent vo lume must be 
imported to balance supply thereby resulting in increased 
dependence on imports . 

• Use of d irectly purchased foreign o i l , i f  a l lowed by 
the exporting nations , would achieve the de s ired obj ective 
of protection from fore ign supply interruptions by the u se 
of foreign re serve s , but negatively impacts the balance of 
payments and greatly increa s e s  the expenditure cost for a 
nationa l security petro leum s torage system .  

• Federa l royalty o i l  appear s at first to be a log ical 
candidate for f i l l , s ince it is a lready owned by the 
Federal Government .  However , its remova l f rom sma l l  
bus ine s s  re f iners plus the los s o f  l arge revenue s b y  the 
government , its dec l in ing vo lume , and the need to rep l ace 
it  with an equ iva lent volume o f  imports to ba lance supp ly 
tend to l imit it s de s irabi l i ty . 

• E lk H i l l s  crude in NPR- 1 i s  the log ical choice as a bas i s  
o f  security s torage f i l l  s ince it  i s  the only source o f  
f i l l  which wou ld not increa se imports and repre sent s the 
lowe s t  expenditure cost alternative to the Nation ' s  economy . 
Cost wou ld be out- of-pocket product i on costs p lu s  trans ­
portation to the storage site either phys i c a l ly or by 
exchange . Production at the e s t imated maximum e f f ic ient 
rate cons idering appropriate dec l ine in capac ity would 
requi re about s ix to seven years after the s torage and 
del ivery faci l i t i e s  are brought �nto be ing to rece ive o i l  
a t  a 5 0 0  MMB leve l . 
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• Production from NPR- 1 could be s o ld or exchanged whi le a 
crude de ficit exists in PAD V .  One or more interconnecting 
pipe l ine s to tie PAD V with PAD I - IV appear a s  neces s ary 
adj uncts to the Nation ' s logi sti cal network and would add 
f l exibi l ity to e f fective uti l ization o f  the Nation ' s  crude 
o i l  reserve s . Such fac i l ities would enable more ready 
transport or exchange o f  NPR- 1  and/or other PAD V crude 
o i l  surplus to the D i strict ' s  need to the Gul f  Coast . 

• Avai labi lity o f  s ignificant vo lumes of materia l  from 
syntheti c type s ources appears to be too f ar in the 
future and too cos tly to be cons idered as the f i l l for 
the s trategic storage sys tem . 

These conclus i ons lead to the fo l lowing recommendati ons : 

• Enact neces s ary legi s l ation to permi t  the us e o f  the 
Federal Government ' s  share of E lk Hills  crude as the 
bas is for direct or indirect fi l l  for a s ecuri ty 
s torage sys tem.  

• Deve lop s peci fi c plans for exchange or s ale o f  NPR- 1 
crude and provide corresponding acquired volumes to 
s torage s i tes in the United S tates Gulf Coas t .  Where 
cos t effective , develop p l ans for movement o f  NPR- 1 
crude o i l  by pipe line into Gul f  Coas t s a lt dome s torage . 

• Be a lert to pos s ible opportunities to purchase , in a 
pol itically acceptable manner , s igni f ic ant quantities of 
foreign crude of  satis factory qual ity for s ecurity storage 
f i l l , if nece s s ary , to supplement NPR- 1  supp l i e s . 

• Cons ider longer range programs to permit production o f 
high qual ity syncrude from oil  shale located in federal 
or naval reserves for inc lus ion in an expanded leve l o f  
s e curity s torage re serves i f  the cos t/benef i t  ratio would 
j usti fy . 
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CHAPTER I I I  

TECHNOLOGY AND ECONOMICS FOR STORAGE FAC ILI T I E S  

INTRODUCT I ON 

To be fully e f fective , secur ity petroleum storage mus t  be 
integrated into the exi s t ing and planned u . s . petroleum logi s t ical 
sys tem , inc luding d i rect acce s s  to tanker loading fac i l i t i e s  a s  
we ll as ma j or petro leum trunk lines . The ob j ective s o f  thi s chapter 
are to : ( 1 ) di scus s the alternative s ava i l able for providing such 
storage , both underground and aboveground , as  expedit ious ly as 
pos s i� le ; ( 2 ) estimate and compare the costs  of var ious s torage 
alternative s ;  and ( 3 )  proj ect the norma l and accelerated pro j ect 
cons truction schedu l e s  for each of the se option s , as suming that a 
large scale security storage program wi l l  be g iven nationa l de fen s e  
pr iorities . The emphas i s  wi l l  be on crude s torage becaus e , as 
di scus sed in Chapter I ,  the need for emergency product storage 
appears to be non-ex i stent with the po s s ible exception o f  re s idual 
fue l oi l  for PAD D i s trict I .  

UNDERGROUND STORAGE 

There are three proven me thods o f  storing crude after produc ­
tion and petro leum produc ts underground : ( 1 ) caviti e s  leached in 
salt dome s or salt bed s , ( 2 )  cavities mined in hard impermeable 
rock formations such as gran ite , shale , or l ime s tone , and ( 3 )  aban­
doned underground mine s that have been spe c i a l ly adapted for s torage . 
About 2 5 5  MMB o f  light hydrocarbon underground s torage cap ac ity 
exi s ts in the United S tate s . Some 9 5  percent o f  thi s  capaci ty i s  
located in cavi ties leached e i ther in salt dome s o r  salt bed s , and 
about 5 percent is in cavities mined in hard rock . 

Salt Dome S torage 

As i l lus trated by Figure 5 ,  a salt dome is a ma s s ive column o f  
rock salt , typically 0 . 5  or more mi les  wide , thrus ting upward from 
many mi les be low the surface and topped by a thick caprock . The 
top of the salt may be near the sur face , and in many c a s e s , s a l t  
from such dome s i s  mined for commercial use . There are more than 
3 5 0  known salt dome s within a 5 0 , 0 0 0  square mi le area a long the 
Gul f  Coast ( F igure 6 ) . Many of the se salt dome s are located near 
the ma j or Gul f  Coa s t  re fining cente rs ( Houston , Beaumont/Port 
Arthur , and New Orlean s/ Baton Rouge ) , the Gu l f  of Mexico and the 
ma j or inland waterways ( Hous ton Ship Channe l ,  Port Arthur [ S abine ] 
Ship Channe l , and the Mi s s i s s ippi River ) . 

Underground petroleum storage pro j ects have an exc e l lent 
record o f  safety and re l i ab i l ity based on more than 2 0  years o f  
experience .  Because s a l t  cavern s are general ly located more than 
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( 1 )  (2) (3) 

TOP OF CAP ROCK 

LEGEND 

WELL CAPACITI ES: 
( 1 1  1 0  M I LL ION BARRELS 
(2) 7.5 M I LLION BARRELS 
(3) 5 M I LLION BAR R E LS 

DIMENSIONS: 
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2 , 0 0 0  feet be low the surface , max imum protect ion i s  provided agains t  
ha z ards such a s  f i re , s to rm ,  and sabotage . S ome 1 8 0 MMB o f  s a l t  
dome s torage c apac i ty are pre sently uti l i zed f o r  l i ght hydrocarbon 
storage in the U . S .  Ind iv idua l s torage c avern s commonly range from 
0 . 5  MMB to 2 MMB ,  and a number o f  c averns are de s i gned to s tore up 
to 5 MMB . Even larger individua l s torage c averns are techn i c a l ly 
fea s i b l e . 

Based on a s tudy o f  several Gul f  Coa s t  s a l t  dome s , unde rground 
storage in leached s a l t  dome c avit i e s  c an be provided at an i n i t i a l  
c o s t  o f  $ 0 . 7 0  to $ 1 . 1 5  p e r  barre l ( 1 9 7 5  do l l ar s ) , dependi ng upon 
the c o s t  o f  pipel ine s required to conne c t  the s torage to d i s tr i ­
but ion fac i l i t i e s  and the di stance from a s u i t able br ine d i spo s a l  
and water s ource are a . Thi s e st imate doe s not inc lude the c o s t  o f  
crude o r  produ c t  t o  f i l l  such s torage and i s  va lid on ly f o r  large 
vo l ume pro j ects ( 2 5 0  MMB) wi th individua l ca�erns o f  7 MMB .  

F igure 7 i l lustrate s how economy o f  s c a l e  a f f e c t s  the c o s t  per 
barre l of s torage for a typ i c a l  salt dome proj ect . The c o s t  o f  
con struc t i ng a 1 0 0  MMB proj ect i s  ind i c ated t o  be one un i t  per 
barrel of s torage c apac ity . A 50 MMB pro j e c t  would c o s t  about 1 . 3 
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Figure 7 . Salt Dome S torage--E conomy o f  Scale Index o f  Re lative 
Cons truc tion Cos t  per Barre l o f  S torage . 
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un its per barre l or 3 0  percent more than the 1 0 0  MMB pro j ect . 
S imi larly , a 2 0  MMB pro j ect wou ld cost ne arly twi c e  a s  much per 
barre l a s  a 1 0 0  MMB pro j e c t . Pro j ects larger than 1 0 0  MMB shou ld 
exhibit costs s omewhat be low one unit per barre l . For examp le , the 
unit c o s t  for a 2 5 0  MMB pro j ect wou ld be on ly 8 0  percent as much a s  
for a 1 0 0  MMB pro j ect . Such s aving s are po s s ib l e  be c ause a f ter the 
high c o s t  leach ing and br ine d i spo s a l  sys tem i s  i n s t a l led , add i t ional 
storage can be l eached at low inc remental c o s t . Thu s , the c o s t  per 
barrel should continue to dec l ine for even larger vo lume pro j e c t s . 
Thi s  ind i cate s that sub s tant i a l  cost saving s can be achieved by 
combin ing storage requi rements in l arge caverns at a s ing le loc ation . 
Gul f Coas t  s a l t  dome s can be leached to provide an extreme ly l arge 
vo lume o f  underground s torage . A few s a l t  dome s , such as S tratton 
Ridge , loc ated s outhwe s t  of Hou s ton , are large enough to provide 
1 bi l l ion barre l s  of s torage c apacity , and many dome s are large 
enough to provide a s torage capac ity o f  sever a l  hundred mi l l i on 
barre l s . 

The l each ing o f  a s a l t  dome cavern i s  a f a i r ly s imp le proces s .  
First , a we l l  i s  dr i l led into the top o f  the s a lt format ion . 
Several s tee l c a s ing strings are set and cemented to protect fresh 
water be ds  and to seal o ff  interven ing formation s . Fresh water ( or 
sea water ) i s  then pumped down an inne r str ing o f  tub ing . The s a l t  
is  d i s s o lved , and the resulting brine s o lution i s  c i rcul ated back 
to the surface where it is d i sposed o f  by a method de s i gned to 
ful ly protec t the environment . 

After l eaching , the cave rn contains s a l t  water . As s hown on 
Figure 8 , it is then f i l led with oi l by pump ing c rude down the 
annul ar space between tub ing and cas ing and d i s p l ac ing c l e an br ine 
through the tub ing s tr ing which is set near the bottom o f  the 
cavern . The o i l  f loats on top of the brine that r ema i n s . Because 
the oil i s  s tored in a l arge cavern , it can be wi thdr awn at a very 
high rate by pump ing wate r down the tub ing s t r ing to d i splace o i l  
up the annu lar space between tubing and c a s ing . Thi s procedure 
insure s that on ly c lean o i l  is di scharged when the cavern i s  emptied 
and that only c l e an water is d i s charged when it is f i l led with o i l . 
With proper c a s i ng/tub ing de s ign , a crude de l ivery rate on the 
order of  2 0 0  MB/D per we l l  c an be achieved . Thus , a 1 0 0  MMB s torage 
pro j ect with on ly 10 to 2 0  caverns could have a c ombined crude 
de l ivery c apac i ty o f  several mi l l ion barre l s  per day i f  the capac i ty 
of crude trunk l ines connec t ing the storage pro j e c t  to re f in i ng 
centers and tanker l oading fac i l i t i e s  i s  adequate . Water for 
future d i spl acemen t o f  crude from such c avern s need not be s tored 
in sur face p i t s . Rather , it wou ld be supp l i ed by p ipe l ine f rom 
either a l arge body o f  fre sh water , such a s  a r iver , or the Gu l f  o f  
Mexico . 

A typ i c a l  s torage sys tem i s  i l lus trated on F i gure 9 .  For 
large caverns , about 7 . 5  barre l s  of  fre sh water are required to 
leach 1 barre l of s torage depending on the leaching �ate uti l i ze d . 
Sea wate r can be used for leach ing i f  adequate fre s h  water i s  not 
ava i lable ; however , a sec ond p ipe l ine to the Gu l f  wou ld be requ ired . 
Thi s would not add s igni f i cant ly to the c o s t  per barre l o f  s torage 
i f  the pro j ect were l ocated near the Gul f . The a s sump t i on o f  
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HYD ROCA R BON H Y D R OCA R BO N  

�-- C E M E NTED CAS I N G  

F I L L I N G  STO RAG E EM PTY I NG STO RAG E  

Fi gure 8 .  F i l l ing and Emptying of Sal t Dome Storage Cave rns . 

off shore brine di sposal c apability i s  a l s o  important . About 2 MMB/D 
{ 1 3 0  cubic feet per s econd ) of brine would be produced from leaching 
of a 2 5 0  MMB s torage pro j ect in 3 years . S ubsurface di.s pos a l  
of such a vo lume wou ld b e  physically impo s s ible at mos t  locations 
and in addition , prohibit ive ly expens ive . 

I t  i s  recognized that storage area surface requirements ,  
subsurface fre sh water protection , brine di spo s a l  p ipe l ine right­
of-way requirements from the storage area to the o f f shore outfal l ,  
fre sh water requirements ,  and brine disposal cons iderations a s s oci­
ated with large vo lume storage pro j ects rai se que stions concerning 
impact on the environment . These que stions wi l l  be addre s sed 
concurrently with s i te se lection as a first order of  priority after 
proj ect authori z ation . Of particular importance i s  optimi z ation of  
the brine di sposal system de s ign to minimi ze the environmenta l 
impact on marine l i fe off shore and in nearby bays , marshe s , and 
estuarie s ,  and protection of onshore wildl ife and human amenitie s . 
Environmental studie s wi l l  inc lude pipe l ine right-of-way routing 
and des ign to minimi ze disturbance , and off s hore outfal l location 
and distance to produce adequate di spers ion of  brine di s charged at 
sea . Deve lopment of such p lans and the nec e s s ary Environmenta l 
Impact S tatement wi l l  require ecological studies o f  the p ipe l ine 
route and the outfa l l  area , inc luding biologic a l , chemical , botan­
ical , and oceanographic studie s .  However , i f  storage pro j ects are 
located near LOOP and Seadock as recommended , the extens ive eco­
logical surveys conduc ted for the se groups over the past two years 
wi l l  be of  sign i f icant bene fit . The Environmental Protection 
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Agency wi l l  be consulted at an early date in antic ipation o f  securing 
a discharge permit under the National Pol lutant Di s charge E l imi­
nation Sys tem . Whi l e  leaching and f i l l�ng are in progres s , the 
system wil l  be monitored to as sure proper operation and comp l i ance 
with di s charge permit requirements .  

Although no speci fic environmental studies  have been made for 
a very large scale s a lt dome crude oi l s torage sys tem in the U . S . , 
based upon past experience , it appears that for most app l icable 
Gulf  Coast locations , a suitable water supply for leaching wi l l  be 
available and that with proper planning and imp lementation the 
environmental e ffects of the storage fac i l ities  and produced brine 
di scharge s wi l l  be minima l .  

Storage leached in salt beds i s also a proven technique ; 
however ,  the potential  uti lity of such beds for s ecurity s torage 
pro j ects i s l imited . Most salt beds are located inland where fresh 
water co sts  are relative ly high and where subsurface brine di sposal 
would be required , thus making very large volume pro j ects impractical . 

There are also certain dome s such as Stratton Ridge where a 
substantial volume o f  very large cavities  already exi s t  as a result 
of salt mining operations . While such caviti e s  may be suitable for 
crude storage , detai led studie s would have to be made to insure 
struc tural integrity and to determine the volume that could be 
safely uti l i z ed . I n  addit ion , fac i l ities such as p ipe l ines and 
tanker docks would l ikely have to be constructed to permit de l ivery 
of crude to storage , and thi s  would require s everal years . Thus , 
whi le some storage of  thi s type might be made avai lable prior to 
1 9 7 9 , additional information wil l  be required to determine the 
practicality of such a course of ac tion . 

FACILITIES FOR F I LLING STORAGE AND MOVEMENT OF CRUDE 
FROM GULF COAST SALT DOMES TO OTHER LOCATI ONS 

Total U . S .  security storage crude supp l i e s  could be located in 
Gulf Coast salt dome s to take advantage of s igni f i c antly lower 
proj ect construction cost compared to alternative storage f ac i lities 
as wi l l  be di scus sed l ater in thi s  chapter . However ,  two important 
fac tors in addition to cost must be cons idered during the se lection 
of spec ific  pro j ect s ite s . First , the pro j ects s hould be located 
near ma j or crude p ipel ine s c apable of de l ivering crude out of  
storage to  inl and ( p ipe l ine connected ) ref inerie s at  rate s com­
patible with normal crude import rate s . S e condly , the pro j ects 
mus t  have ready acce s s  to water such that tankers can both del iver 
crude into storage and be loaded out of  storage for de l ivery to 
( 1 )  U . S . re fineries  who normal ly rece ive crude by water , ( 2 )  Carib­

bean refineries supplying product imports to the u . s .  who are 
denied crude during a future embargo , and ( 3 )  East Coast  ref ineries 
if  total U . S .  security storage crude suppl ie s  are located in Gul f  
Coa st salt dome s . 

The mos t  e f f ic ient , lowe st cost salt dome s torage pro j ects 
wi l l  result i f  u . s .  Gulf  Coast deepwater crude unloading terminal s  
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and as soc iated crude pipe l ine s are constructed as  p lanned . However , 
with the current uncertainties regarding government pol ic i e s  
affecting future petroleum demand and crude imports , i t  i s  pos s ible 
that these deepwater termina ls  may e ither be de layed or perhap s not 
constructed at all . For thi s  reason , the factors affecting pro j ect 
location and cost wi l l  be described for two cases : ( 1 ) Gul f  Coast 
deepwater terminal s  are operational by 1 9 7 9 , and ( 2 )  Gulf  Coast 
deepwater termina l s  are not available in time to comp lete storage 
fill by an acceptable deadline . 

Location of Pro j ects if  Gulf  Coast 
Deepwater Terminals  Are Cons tructed 

Figure l O  shows the location of two proposed Gul f  Coa s t  deep­
water crude unloading terminals , LOOP and Seadock , and the location 
of the ma j or u . s .  re f ining centers within each PAD d i s tric t . 
Enabl ing federal legis lation was enac ted in 1 9 7 5  that wi l l  permit 
the se or s imilar deepwater terminal s  to be constructed in inter­
nationa l waters off the u . s .  coast . Both pro j ects wi ll  app ly for 
permits as soon as the Department of Transportation is ready to 
receive appl ications . The startup of these pro j ects  i s  dependent 
on a number of  factors which are somewhat uncerta in ; howeve r ,  under 
favorab le conditions , startup in 1 9 7 9  is feas ible . At each pro j ect , 
deep draft very large crude carriers (VLCC ' s ) wi l l  tie up to buoys 
( s ing le point moorings ) located 2 0  to 3 0  mi les  o f f shore and unload 
crude (neither pro j ect i s  be ing des igned for fini shed product 
throughput ) .  The c rude wi ll be pumped through bur ied p ipe l ines to 
onshore tank farms and then to Gulf  Coast and Midwe s t  ref inerie s .  

Figure l O  a l so shows the proposed route of several new large 
diameter crude pipe l ine s to be built for transportation of imported 
crude to u . s . re finerie s .  The se inc lude pipe l ine s to be cons tructed 
downs tream of the LOOP and Seadock tank farms and the proposed 
Seaway and Texoma pipe lines , which wi ll  run from Freeport and 
Beaumont , Texas , re spectively ,  to Cushing , Oklahoma . S igni f icant 
crude pipe l ine capac ity i s  already in service between Cushing and 
the Chicago area . Capl�ne , which currently move s crude from the 
Louisiana Gulf  Coast to the Chicago area , can be expanded i f  
nece ssary . 

In addition , there i s  a large network of  c rude trunk l ine s 
from North and We st Texas to the Gulf  Coast . Reversal  of  some of  
these line s to  handle imported crude is  being cons idered . The 
crude pipe line s connec ting PAD Districts I I  and IV pre s ently move 
crude from we st to east because District IV has a crude surplus . 
However , should Di strict IV become short of c rude in the future , 
one or more of the se pipe l ine s could be reversed to move imported 
crude to District IV re fineries .  

Upon comp letion of the se fac i l itie s , imported crude cou ld f low 
to most of the re fining capacity in PAD Districts I I , I I I  and IV . 
There fore , i f  Gulf Coast salt dome s near LOOP and Seadock are 
uti li zed for security storage , these  same refineries  could eas i ly 
receive security storage crude during an embargo . I t  i s  also  
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feasible to de s ign deepwater terminal s  so that tanker s  can load 
crude for shipment to other u . s .  ports , particularly if such a need 
is cons idered in the initial deepwater termina l des ign . Such 
facilities ( primari ly pumps ) would add about 1 5 ¢  to 2 0 ¢  per barrel 
to the cost of storage ( 1 9 7 5  dollars ) .  Thus , with proper location 
of salt dome storage pro j ects , a large percentage of re fining 
capac ity east of  the Rockies can e f fectively be suppl ied with crude 
out of Gul f Coast salt dome storage during an emergency . Caribbean 
re fineries could also  be supplied if nece s s ary . The e f fective 
integration of storage proj ects into the u . s .  crude logistics  
system , as de scribed , i s  of maj or importance and must be accompli shed 
if the United S tate s is to have a re liable emergency crude storage 
system . 

I f  a crude security storage program of 5 0 0  MMB or more i s  
undertaken , a t  least two salt dome storage pro j ects should be 
cons tructed ; one near the Seadock termina l in Texas ( F igure 1 1 )  and 
one near the proposed LOOP to S t .  James crude pipel ine in Louis iana 
(F igure 1 2 )  • Locating a pro j ect in both Texas and Lou i s i ana wi l l  
enable del ivery of crude t o  a higher percentage of  PAD I I - IV 
re fining capacity at a higher rate than if  on ly one s torage pro j ect 
is cons tructed because each location connects  to dif ferent maj or 
crude trunk l ine systems . 

Near the Seadock onshore termina l ,  the S tratton Ridge salt 
dome appears particularly suitable for a storage pro j ect . Stratton 
Ridge could eas i ly accommodate 5 0 0  MMB of storage . Near the LOOP 
to St . James pipe line , the Clove l ly , Chacahoula , and Napo leonville 
domes appear suitable for 2 5 0  MMB proj ects and the latter two dome s 
could each l ike ly accommodate 5 0 0  MMB of crude s torage . There are 
undoubted ly other suitable dome s near each location . Detai led 
geotechnical , engineering , and environmental s tudies would be 
required to ver i fy the suitability of any spec i f i c  salt  dome for 
crude storage . 

The required de l ivery rate of crude out of s torage i s  d i f f i ­
cult t o  de fine because thi s  depends o n  both the future leve l o f  
imports and the volume that i s  like ly t o  b e  denied dur ing an 
embargo . I f  maximum nationa l security i s  to be provided , a de s ign 
de l ivery rate out of  storage to permit rep lacement of  total U . S . 
crude and product imports should be cons idered . Even though a 
total import denial appears unlikely , the cost o f  protecting agains t 
such an eventuality could be a re lative ly sma l l  percentage of  total 
crude storage costs , and spare capac ity would provide f lexib i l i ty 
to offset pos s ible downtime for pro j ect maintenance , bad weather , 
sabotage , etc . 

On this bas i s , if two 2 5 0  MMB pro j ects are to cons titute the. 
total s torage program , each pro j ect should be de s i gned to de l iver 
crude out of s torage at a rate equal to at leas t the de s ign through­
put capacity o f  the adj acent deepwater terminal ( i . e . , around 2 
MMB/D ) . In addi tion , al lowance should be made for de l iveries to o ther 
locations by tanker s uch as the Caribbean , E a s t  Coa s t  or non-pipe l ine 
connected Gul f Coas t locations . This s ugges ts a des ign rate o f  be-
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tween 2 and 3 MMB/D at each location or up to 6 MMB/D o f  total de­
livery capaci ty . On the other hand , i f  four 2 5 0  MMB s torage pro j ­
ects are provided , a des i gn delivery rate o f  2 to 3 MMB/D for each 
proj ect might not be neces sary . 

For a given s torage volume , a reduction in total de l ivery ca­
pac i ty could be accomp l i shed in several ways ; for example , by uti l i z ­
ing a sma l ler number o f  l arger caverns , by reducing individual cavern 
del iverab i l i ty ( smal ler cas ing and tub ing ) and/or by ins ta l l ing le ss  
pump hor sepower and a smal ler crude de livery l i ne . The approach uti l­
ized depends on a number of factors whi ch would have to be evaluated 
for each spe c i f i c  s i te . However , it appears l i ke ly tha t  an increase 
in the del ivery rate o f  a 2 5 0  MMB pro j ect from 2 MMB/D to 3 MMB/D 
might be accompli shed at a cos t of about 5 ¢  to 1 0 ¢  per barre l , depend­
ing on the percentage o f  crude delivered to tanker loading fac i l i ties . 

Location o f  Pro j ects Without 
Gulf  Coast Deepwater Terminals  

I f  Gul f  Coast deepwater terminal s  are not avai lable in time to 
meet the de sired program completion schedule , a d i fferent set of 
salt dome s would probably be selected for storage . In  thi s  case , 
it i s  l ike ly that at least three salt dome pro j ect s  would be required 
for optimum e f f i c iency : one near the Hous ton Ship Channe l s uch as  
Mont Be lvieu or Mos s  B l uf f ; one near the Beaumont/Port Arthur 
( S abine ) S hip Channe l ( there are several ) ;  and one near the Cap line 
terminal on the Mi s s i s s ippi River such a s  Napo leonvi l l e  or the 
Choctaw dome . The se inland waterways wi l l  be uti l i zed to import 
crude to maj or ref ining centers in the absence of  deepwater terminal s .  
By constructing new tanker rece ipt fac i l it i e s  and p i p e l ines to the 
salt dome s torage proj ect , tankers could both unload crude to f i l l  
storage and load crude during an emergency for del ivery t o  u . s .  
re f ineries norma l ly importing crude , and to the Caribbean . In 
addition , storage could be connected to maj or p ipe line s  de l ivering 
crude to the Midwe s t  ( C apline and Texoma ) • The absence of deep­
water terminal s would add about 2 0¢ to 4 0 ¢  per barre l to s torage 
costs , depending on the percentage of  crude de l ivered to ad j acent 
crude pipe l ine s . In addition , del ivery out o f  storage would be 
much more complicated because of the higher percentage of security 
storage crude de l ivered to re f ineries by tanker . 

BAS I S  FOR SALT DOME STORAGE COST ESTIMATES 

To determine the probable range of  salt dome s torage costs , 
five suitable salt dome s located near LOOP and Seadock were studied . 
The bases used in deve loping pro j ect costs are summari zed on 
Table 12 . I t  i s  emphas i zed that a much more deta i l ed engineering , 
geotechnical and environmental analys i s  would be required be fore a 
spec i fic s ite , deve lopment program , and budget qua l i ty cost estimate 
could be obtained . However , the cost estimates deve loped are 
be lieved representative of what can be accomp l i shed in actual 
practice . 
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TABLE 1 2  

BAS I S  FOR SALT DOME STO RAGE COSTS 

Locati on of S a l t Dome 

a .  Near deepwater termi n a l s 
( LOOP/Seadock ) 

b .  Top o f  s a l t 

c .  Area 

d .  Nea r to G u l f a s  po s s i b l e 

We l l  cas i ng 

Di s p l a cement fl u i d  

Di s p l acemen t rate 

Ri gs req u i red 

We l l  s i ze 

We l l s pac i ng 

Lea c h i ng rate 

Leach i n g  effi c i ency 

Pump dri ver type 

Bri ne d i s po s a l  

Crude sys tem 

Crude de l i very poi nt 

Mi n i mum 600 feet 
Maxi mum 2000 feet 

360 a c res 

For bri n e  di s po s a l  
F o r  poss i bl e  s h i p l oa d i n g  

Con centr i c des i g n 
20- i nc h  pro d u c t  c a s i ng 
1 3- 3 / 8  i nc h  bri ne c a s i n g  
9-5/8 i nc h  l ea c h i n g  s tr i n g  

Fres h wa ter ( no bri ne p i t s to rage 
capa c i ty i nc l uded ) 

1 6 5 MB/ D p e r  we l l  
1 8  wel l s  s i mu l taneo u s l y  = 3 MMB/ D 

Max i mum rat i ng - 2 00 tons 
3 ri g s  per l ocati on 
60-90 days per we l l 

7 MMB i n i t i a l , 1 0  MMB u l t i mate 

5 7 5  feet , 8 a c res per we l l 

1 . 8 MMB / D  fre s h  water ( 1 1 7  cfs ) 

7 . 5  ba rrel s water per ba rre l  of s a l t 
( 8 . 5  barre l s bri ne p e r  ba rre l  n ew s torage ) 

E l ectri c 

Gul f o f  Mex i c o  o ffs h o re , 2 MMB / D  ( 1 3 0 c fs ) 
Mi n i mum 2 0  foot wa ter depth 
48- i nch di s po s a l  l i ne 

3 MMB/ D de l i very ra t e  p e r  s e g regat i on ( 2 ) 
48- i n c h  del i very l i n e 

Texas - Seadock ta n k  fa rm 
L o u i s i ana - LOOP a n d  Ca p l i ne ta n k  farms 

Note : Deta i l ed e n g i neeri ng s tu d i es wi l l  be req u i re d before the des �gn ba s e s  
fo r a n  a c t u a l  p roj ect c a n  b e  determi ned . The genera l s pec i fi c at i o n s  
l i s ted here i n  a re fo r c o s t  es t i ma t i n g  purposes on l y .  
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Selection of S a lt Domes 

Cost estimate s for 2 5 0  MMB of salt dome s torage are conserv­
ative ly based on l and requirements of 3 6 0  acres and a s s ume con­
s truction o f  a s ingl e  tiered , multiple cavern fac i lity . S a l t  domes 
selected for such c onstruction should be sha l low enough to prevent 
exce s s ive ly high dri l l ing costs and operating pres sure s . A maximum 
top-o f-salt depth o f  2 , 0 0 0  feet appears to be a reasonab le l imit . 
A minimum depth o f  at least 6 0 0  feet was a l s o  speci f ied to prevent 
pos s ib le s tructural problems that could re sult due to insuf ficient 
overburden . 

Another important location criterion i s  proximity to the Gul f  
o f  Mexico . For the very high brine disposa l  rate s required to 
deve lop large amounts of storage in a relative ly s hort time , the 
Gul f provides the only feas ible means of brine di sposal . It was , 
there fore , assumed that permits to di spose of  large volumes of 
brine into the Gul f  wi l l  be obtained . S ites located near the Gul f  
on dry land are pre ferable from both development cost and environ­
mental points of view . It appears that electric prime mover s  wi l l  
be the lowest cost power alternative and that power avai lab i lity 
wi l l  be an important cons ideration in s ite se lection . 

Wel l  and De livery System Des ign 

The c as ing program selected for cost estimation is based on a 
standard s i ze which can be handled with conventional land dri l l ing 
rig s and obtained with minimum del ivery time . Twenty- inch product 
cas ing with di splacement fluid tubing of 1 3 - 3/ 8  inch would . provide 
the required average de livery rate of 1 6 5  MB/D ,us ing fresh water as 
the displacing f luid . Smal ler casing and tubing might a l s o  be 
uti l i zed . However ,  the reduced tubular goods cos t  would be o f f set 
to  a large degree by increased pump inve s tment and power costs 
during leaching . ( This wi l l  be optimi zed dur ing detai led engineering 
de s ign . ) After crude f i l l  i s  completed , subsequent displacements 
would be with fresh or sea water ; therefore , no brine surface pits 
are required . I f  surface pits were uti l i zed , pro j ect cost  wou ld be 
increased substant i a l ly . To obtain a de l ivery rate of 3 MMB/D 
would require s imultaneous del ivery from 18 we l l s  of the des ign 
de scribed above . 

Cavern S iz e  

Generally , the larger the cavern s i z e , the lower the cost per 
barre l o f  storage . For crude storage , 10 MMB is cons idered a 
reasonable ultimate c avern s i z e  which should provide good struc­
tural stab i l i ty at re lative ly low unit cost . However , a sma l ler 
ini tial cavern s i ze is appropriate to al low for future cavern 
enlargement in the event several displacements are required because 
of the need to use s tored crude over the years . Therefore , thi s  
analys i s  i s  based o n  a n  initial cavern volume of  7 MMB with very 
conservative wel l  spac ing that would permit growth to 1 0  MMB or 
more in the future . There are any number of comb inations of we l l  
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size  and cas ing des ign which could be uti l i zed . Although a detai led 
optimi z ation wi l l  be required in actual practice , the s i zes  indi­
cated should provide a reasonable estimate o f  the co st of crude 
security storage . 

Brine Disposal and Leaching Rate 

As previous ly mentioned , brine di sposal at a rate of 2 MMB/D 
( 1 3 0  cubic feet per second ) can only be accomp l i shed into a large 

body of water such as the Gulf  of Mexico . Pre l iminary studies  by 
consultants for LOOP and others have indicated that subs tantial 
volumes of near-s aturated br ine can be di sposed o f  several mi les 
of fshore without serious risk of damage to the environment . The 
optimum location of outfa l l s  for brine disposal in the Gulf wi l l  be 
studied in deta i l  during the des ign and environmental asses sment 
phase of each individual pro j ect . 

Brine wi l l  be p ipe l ined off shore to a minimum water depth of 
20  feet and di scharged through a diffuser system . The maximum 
conventional pipe s i ze which can be obtained and ins ta l led with 
conventiona l equipment , particularly in marshy areas and o f f shore , 
appear s to be 4 8 - inch . Thi s  s i z e  l ine should adequate ly handle 
2 MMB/D of brine without serious surge or pres sure prob lems . 
Disposal rate s greater than 2 MMB/D wou ld probab ly require dua l ­
line systems a t  cons iderably higher cost . Comp letion of  storage i s  
a l s o  critically dependent o n  leaching e f f ic iency . I t  i s  bel ieved 
that individual caverns can be leached at a rate of 8 0  to 1 2 0  MB/D 
while sti l l  maintaining adequate contro l over cavern shape and 
spac ing . About 7 . 5  barre l s  of fre sh water wi l l  be required to 
leach 1 barrel of capaci ty , and this wil l  re sult  in about 8 . 5  
barre ls of brine ( 8 5 percent saturated ) for disposal into the Gulf . 
On this  bas i s , a 2 5 0  MMB storage pro j ect can be leached in about 
3 years . I f  it  is de s ired to complete hal f  o f  the cave rns in 
1 . 5  years so that crude f i l l  can begin at an early date , it is 
nece ssary to tai lor the number of  we l l s  and cavern s i ze to thi s  
obj ective . Thi s i s  the second reason that 7 MMB caverns were 
selected as  the de s ign bas i s  ( 1 8 caverns o f  thi s  s i z e  can be com­
pleted in 1 . 5  years ) . 

Crude Del ivery System 

At least two crude segregations ( one swee t , one sour ) wi l l  be 
required s ince many dome s tic refineries are not des i gned to proces s  
sour crude . I t  is  pos sible that additional segregations may be 
needed depending on crude avai labi l ity . With 3 6  caverns and the 
cas ing des ign de scribed , a 2 5 0  MMB pro j ect could de l iver e i ther of 
two type s of  crude at a total rate of 3 MB/D . The length of the 
4 8 - inch crude de l ivery l ine is an important fac tor in pro j ect cost ; 
there fore , the proj ect should be located as  c lose  to ma j or crude 
trunk l ine s and tanker loading fac i l itie s  as pos s ible . Del ivery 
wi ll be out of salt dome storage into terminal tankage ( e . g . , the 
Seadock onshore termina l )  using pumps instal led for cons truction of  
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the s torage p ro j e c t . Pumps on the various c rude p ip e l ine s norma l ly 
moving c rude out o f  e ach area can be uti l i zed to pump c rude to the 
var ious re f inerie s ,  thereby reduc ing c ap i t a l  required to construc t 
the s torage fac i l ity . 

Pro j ect T iming ( Normal Deve lopment ) 

F i gure 1 3  i l lus trates the " normal deve lopment " s chedu l e  for 
a 2 5 0  MMB salt dome s torage pro j ect . Completion about 5 - 1/ 2  
years a f ter an appropri ate government directive i s  i s sued may 
be pos s ib le . However ,  thi s  s chedule assume s that national defense 
pr iorities are e s tab l i shed so that critical path materi a l s  such as 
leaching pump s c an be de l ivered within 18 month s . I t  i s  a l so 
assumed that mate r i a l s  acqui s ition and e xpendi ture o £  £unds can 
proceed s imul taneous ly with ne cessary environmental s tud i e s  as 
opposed to the norma l practice of waiting unt i l  such s tud i e s  are 
comp leted and a federal permit has been is s ued . Nec e s sary environ­
mental s tudies shou ld begin immedi ate ly upon i s suance of a govern­
ment directive . It is l ikely that stud i e s  re l ating to the s e lection 

....---+ NO TE: Necessary Government Directives Issued in mid- 1915. 

I I 
ORGAN IZE AN D SE LECT SITES 

I 
ENVI RONM ENTAL STUDI ES AND ENVI RONMENTAL 

1 975 1 97 6  

IMPACT STA ENT PR EPARATION 

NEERING AND DESIGN 

I 
TER I ALS ACQU I SITION 

I 
CONSTRUCT LEACH I NG AND 

LEACH WE LLS 

I 
CONSTRUCT CRUDE 

LITIES 

DE 

1 977 

DISPOSAL FAC I L I T I ES 

1 978 

YEARS 

I 

1 979 

*Completion o f  fill is dependent o n  rate o f  crude availability. 

1 980 1 98 1  

Fi gure 1 3 . Cons t ruction o£ 2 5 0  MMB o£ Salt Dome S torage-­
Normal Development Case . 
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of the salt dome s ites themse lves could be comp leted quickly , 
particularly if  bas ically dry-land s ite s were involved . The more 
complicated site speci fic environmental s tudie s re lating to routing 
and burial of p ipel ine s , optimi z ation of brine dispo s a l  outfalls  in 
the Gul f , base l ine and current surveys , etc . , could be done s imul­
taneous ly with other activitie s as long as  such s tudies  were 
satis factorily completed and reviewed in time to make neces sary 
adj ustments in proj ect de s ign . Key events in the above schedule 
are as  fol lows : 

PROJECT TIMING 

Key Events 

Begin environmental studies 

Begin engineering de s ign 

Order long lead time materials 

De livery of  wel l  cas ing , begin dri l l ing 
and construction 

De l ivery of  a l l  pump s , pipe , etc . 

Begin cavern leaching 

Complete f irst hal f  of  caverns 

Complete second hal f  of caverns 

Cumulative Time 
From Government 

Directive , Months 

0 

6 

9 

1 8  

2 7  

3 0  

4 8  

6 6  ( 5- 1/2 years ) 

Assuming engineering de s ign begins in January, 1 9 7 6 , 1 2 5  MMB of  
storage might be completed and ready to  fill  in  mid- 1 9 7 9 . Thi s 
schedule fits wel l  with the earliest probable startup date of 
deepwater termina l s . It  i s  a l so about a s  ear ly as  new crude de livery 
fac i l ities such as  a p ipel ine from the E lk H i l l s  f i e ld to the Gul f  
Coa st , o r  new tanker dock s could b e  comp leted and placed i n  operation . 
With thi s  schedule , leaching of  2 5 0  MMB of salt dome s torage could 
be completed in 1 9 8 0  and storage f i l l  might be comp leted during the 
early 1 9 8 0 ' s  depending on crude availab i lity . 

Proj ect Timing (Accelerated Deve lopment )  

I f  i t  appears nece s s ary to complete cons truction o f  a 2 5 0  MMB 
salt dome s torage pro j ect prior to 1 9 8 0 , thi s  could probab ly be 
accompli shed . It is doubtful that cavern leaching could begin 
prior to the time indicated in the normal deve lopment schedule . 
However , the leaching time might be cut in hal f  by insta l l ing 
duplicate leaching and brine di sposal fac i lities  and leaching a l l  
3 6  caverns s imultaneously . Thi s  would require a di sposal  rate of  
4 MMB/D ( 2 6 0  cubic feet per second ) into the Gul f  for a s ing le 
2 5 0  MMB pro j ect compared to 2 MMB/D in the normal deve lopment case , 
and we l l  dri l ling would have to begin about 3 months ear l ier 
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With thi s  approach , total pro j ect capac ity might be ready to f i l l  
with crude i n  mid-1 9 7 9 . I f  suffic ient crude i s  avai l able , f i l l  
might b e  completed perhap s a year o r  so ear l i er than with the 
normal deve lopment s chedule . Duplication o f  f ac i l ities would 
increase proj ect cost by about 10 to 3 5 ¢  per barre l ( 1 9 7 5  do l lars ) . 
There would be l ittle point in acce lerating completion o f  s torage 
unles s it is certain that fac i lities required to de l iver c rude into 
storage wi l l  be in operation by 1 9 7 9 and that suf f i c ient crude wil l  
be ava i l able to acce lerate storage f i l l . 

Timing o f  5 0 0  MMB and 1 0 0 0  MMB Crude Programs 

The timing of program completion is basically a trade-off  
between the des irab i l ity of  minimi z ing cost and the need to  obtain 
the protec tion afforded by security storage at an early date . Thi s 
balance i s  a l so a f fected by the ava ilability of  crude for s torage 
fi l l , environmental considerations re lated to leaching water ava i l ­
abi lity and brine d i scharge rate s , and the interaction between con­
struction of  security storage and the achievement of  other national 
ob j ective s  such as  energy independence . 

The s i ze ( number ) of  individual pro j ects i s  also  a factor . 
For example , based on the normal development schedule for a 2 5 0  MMB 
pro j ect , a 5 0 0  MMB program with two pro j ects might be completed in 
5- 1/2 years . I f  three pro j ects with identical leaching and brine 
disposal sys tems were cons tructed ( 1 6 7  MMB each ) comp letion time 
might be reduced to 4- 1/2 years , but the cos t pe r  barrel would 
increase due to reduced economy of  scale bene fits . S imi larly , the 
acce lerated deve lopment approach with dual leaching/disposal 
sys tems could be uti l i zed . 

Recogni z ing that such f lexib i lity exi st s , the timing of 5 0 0  MMB 
and 1 0 0 0  MMB salt dome storage programs ( normal development ) might 
be as follows . For a 5 0 0  MMB program with deepwater termina l s , 
construct one 2 5 0 MMB pro j ect in Texas near S eadock and one 2 5 0  MMB 
pro j ect in Louis i ana near LOOP . Total s torage could be cons tructed 
in 5- 1/2 years . 

For 1 0 0 0  MMB ,  each proj ect could continue to l each s torage 
wi th its s i ngle leach ing/d isposal sys tem unti l 5 0 0  MMB had been 
cons tructed at each location . This would require 8 - 1/2  years , but 
the average cos t would be 1 0 ¢  to 2 0 ¢  per barrel lower than for a 
2 5 0  MMB pro j ect . I f  considerations dictated that the total program 
be completed more rapidly , four 2 5 0  MMB pro j e cts could be s tarted 
s imul taneous ly and completed in 5- 1/2 years . I n  e i ther case , dual 
leaching/di s posal  sys tems might be uti l i z ed to reduce cons truction 
time to about 4 years . However , as  mentioned earlier , the real 
obj ective , completion of s torage f i l l , depends on c rude ava i lab i l i ty . 

Cos t of Salt Dome Crude S torage 

Us ing the bases previous ly described , it is e s t imated that 
salt dome crude s torage costs ( normal deve lopment basi s ) wi l l  range 
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from $ 0 . 7 0 to $ 1 . 1 5 per barre l for a 2 5 0  MMB pro j ect ( 1 9 7 5  dol lars ) . 
The low end of the cost range wi ll be typical of a proj ect located 
on. dry land near the Gul f  and ma j or crude trunk l ine s . The high 
end of  the cost range wi l l  be typ ical of a proj ect located up to 5 0  
mi les from the Gul f  with a somewhat longer crude de l ivery l ine . 
The maj or dif ference in the se two extremes i s  the cost of  leaching 
inc luding the brine di spo sal pipe l ine to the Gu l f . Fac i l ities to 
permit tanker loading dur ing an emergency wi l l  add an additional 1 5¢ 
to 4 0 ¢  per barre l to thi s cost . 

Thus , the l ikely cost range appears to be from $ 0 . 8 5  to $ 1 . 5 5 
per barre l for normal deve lopment and from $ 0 . 9 5 to $ 1 . 8 0 per 
barre l for acce lerated deve lopment ( 1 9 7 5  do l lars ) .  If future costs 
escalate at a rate o f  6 percent per year for materials , 7 . 5  percent 
per year for labor , and 10 percent per year for e lectric power , 
proj ect costs on an inf lated or " as expended " bas i s  would increase 
by about 20  percent over the costs quoted in 1 9 7 5  do llar s . 

OTHER UNDERGROUND STORAGE TECHNIQUES 

Abandoned Mine Storage 

Storage of crude in spec ially converted abandoned mine s is a 
proven technique . A large pro j ect has been in operation in South 
Africa s ince 1 9 6 9 . No such storage exists  in the Uni ted S tate s . 
Under ideal conditions , costs for thi s  type o f  storage can be 
competitive with salt dome storage . However , the potential for use 
of abandoned mine s for United State s storage purposes doe s not 
appear promis ing . 

Such mine s are usual ly f i l led with water , and many of them are 
interconnected with other mine s through underground water systems . 
Only a few of the se mine s have iso lated water systems . Mos t  of  
these old mine s would not be  safe  to enter even when pumped dry as 
the potential for col lapsed shor ing in the acce s s  tunne l s  would be 
very high . Extens ive surveys would be requi red to insure that 
product would not leak out of storage . Also , it is doubtful that 
typical abandoned mine s located in the eastern U . S .  would permit 
development of large volume storage pro j ects of  suff icient scale to 
compete favorably on a cost bas i s  with other alternative s , particu­
larly large- scale salt dome proj ects . The c losest abandoned mine s 
to East Coast re f ineries are located near Higgins , Pennsy lvania , 
about 1 0 0  mi les we st o f  Phi ladelphia . 

Mined Cavern S torage 

It would l ike ly be more practical to mine new caverns in the 
good rock formations in the Philade lphia area , for example , than to 
try to uti lize  abandoned mines . The cost of  new mined s torage 
caverns could approach the cost of  stee l tanks for storage volume s 
in exce s s  of one mi l lion barre l s . 
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There are about 6 0  s torage pro j ects in mined c averns in hard 
rock in the United S tate s . These proj ects vary in s i z e  up to about 
8 0 0  MB capac ity and are usually used to s tore light hydrocarbons • 

under pre s sure . The potential for developing large volume s torage 
pro j ects of thi s type c lo se to exi sting refiner i e s  or exi s t ing 
distribution systems appears l imited . In addit ion , the cost  of  
salt dome s torage i s  far  le s s . 

Depleted Reservoir S torage 

This type of storage is not regarded as practical for the 
fol lowing reason s . First , the rate at which crude can be inj ected 
into and withdrawn from porous re servoir rock is usua l ly l imited to 
the order of hundreds of barre ls  per day per we l l . Thi s i s  a 
severe l imitation . S econd , experience indicates tha t  crude los s 
from s uch a sys tem would be high . 

ABOVEGROUND STORAGE IN STEEL TANKS 

The primary advantage of aboveground storage in tanks i s  
locational f lexib i l i ty . Such storage can b e  eas i ly integrated into 
the exi sting petroleum logistical system . Crude can be s tored in 
tanks at individual re f inerie s , and re f ined products  can be s tored 
at the optimum location for rapid supply to consumers ,  e i ther at 
re fineries  or product terminals . One disadvantage of  tank s torage 
is the cost per barre l of storage capac ity . Such cost i s  a function 
of location , local con s truction requirements , and tank s i ze . 

Location p l ays  an important role in tank cos t . An obvious 
factor is location with respect to exi sting transportation f ac i l i �  
tie s . A remote storage location requiring a n  expens ive p ipe line 
connection would add s igni ficantly to the uni t  cost . A second 
factor i s  the vari at ion in material and cons truction cos t  at 
dif ferent locations in the U . S .  For example , it i s  e st imated that 
a 5 MMB crude tankage pro j ect us ing s imple foundations at an exi s ting 
Gulf  Coas t  re finery wou ld cost about $ 6 . 0 0 per barre l whereas  a 
s imi lar install ation in the New York/Phi lade lphi a  area would cost 
about $ 9 . 0 0 per barre l .  I f  p i l ings must be driven to provide an 
adequate foundation , the cost per barre l would increase by about 4 0  
percent . I f  heated tanks were required for vi scous products , cos t s  
would also  b e  higher . I t  i s  recognized that actual e s t imate s for a 
spec i fic s ite may vary s igni f icantly from thes e  value s . However , 
the above compar i s oD i s  be lieved to be repres entative o f  an average 
instal lation . 

A third factor i s  the economy of scale provided by large 
tanks . For example , a 5 0 0  MB East Coast c lean product storage 
fac i lity uti l i z ing an average 7 0  MB tank would cost about 1 . 2 5 
times per ba·rre l more than a 2 MMB faci l ity uti l i z ing an average 
1 8 0 MB tank . 

In summary , the cost to construct s tee l tank s torage at s ite s 
that can be tied into exi sting installat ions with minimum additional 
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facilities should be in the general range of  $ 6 . 0 0 to $ 1 2 . 5 0 per 
barrel ( 19 7 5  dol lars ) .  Higher costs would be antic ipated for the 
following : location s  near exi sting East Coas t re f ineries versus 
Gul f Coast locations ; product versus crude tankage ; smal l  versus 
large tanks ; soi l conditions requiring spec ial  foundations ; heated 
versus non-heated tanks , and construction at locations that are a 
significant distance from existing terminal or ref inery s i te s . 

I f a large- scale security storage program uti l i z ing steel  
tankage were undertaken , the capac ity to  construct such tankage as 
rapidly as de si red could become a limiting factor . About 4 , 3 0 0  
tons o f  stee l are required to provide 1 MMB o f  tank storage capacity , 
or 2 . 1 5 mil l ion tons for 5 0 0  MMB of s tee l tankage . This  i s  compar­
able to the current total annual consumption of o i l  country tubular 
goods ( cas ing , tubing , and dri l l  pipe ) used for dri l l ing and 
produc ing oil  and gas we l l s  in the U . S .  ( 1 ) I f  the United S tate s  
is t o  achieve a high degree of energy independence b y  1 9 8 5 , a 
staggering amount of dri l l ing and construction of re fineries and 
other energy re lated fac i lities wi l l  be required . For example , 
total tankage for the two proposed Gul f  Coast deepwater termina l 
tank farms ( LOOP and Seadock ) wi l l  probably exceed 3 0  MMB . The se 
pro j ects and many other energy re lated fac i lities  wi l l  be con­
structed during the next 5 years . 

Thi s wi ll  place an enormous load on the construction and 
fabrication industries , s igni f icantly increase the demand for steel 
and l ike ly lengthen the interval between the time that materials  
are ordered and construction i s  completed . The quantity of s tee l 
required for salt dome s torage i s  far le s s  than for a comparably 
sized stee l tank storage proj ect . Between 8 . 5  and 9 . 0  pounds of 
stee l  are required for each barre l of stee l tank storage inc luding 
re lated fac i l ities versus 0 . 2 5 to 0 . 3 3 pounds per barre l of salt 
dome storage . Thus , creation of  salt dome storage would have a 
le sser effect on the Nation ' s abil ity to deve lop energy re l ated 
proj ects requiring l arge quantities of stee l . 

Estimated East Coast S tee l Tank 
Crude Storage Cos t and Timing 

I f  security crude storage for East Coast re fineries is located 
in PAD I ,  it would l ike ly be in stee l tankage .  Exi s t ing re f ining 
capac ity p lus addition s  with good or average probab i l ity of com­
pletion by year-end 1 9 7 7  for PAD I were estimated to be about 
2 . 1 8 MMB/D in the S eptember , 1 9 7 4  NPC Emergency Preparedness Report . 
Crude run in thi s  capac ity , at 9 2  percent uti l i z ation , would be 
about 2 MMB/D . A 9 0 -day security storage program to cover total 
PAD I crude runs which are primari ly imports would , there fore , 
require up to 1 8 0  MMB of  storage . For compari son , the magnitude of 
such a storage pro j ect i s  over six time s the total crude s torage of 
2 8  MMB which existed in PAD I in 1 9 7 3 . 

( 1 ) NPC , Ava i labil ity o f  Materials , Manpower , and Equipment for the 
Exp loration , Dri l ling and Production of O i l - -1 9 7 4 - 1 9 7 6 , 1 9 74 , 
Table 3 , Page 1 4 . 
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I t  i s  probable that such tankage would be located adj acent to 
each ref inery rather than at one or two central i zed location s . 
Thi s  approach would take advantage of  the f lexib i li ty o f  location 
which i s  provided by stee l tankage and would s ave inves tment in 
de l ivery systems from a central i zed location to the various re f in­
eries . S uch s torage is not considered to be required , however ,  as 
noted in Chapter I .  

Tankage Costs 

The costs of s teel tankage cons i s t  of  the cos t o f  the tank 
itself , connections to the ref inery process  units , pumps , land , and 
p i l ings if required by local so i l  conditions . I t  is assumed that 
importing fac i l i tie s in normal use wou ld be adequate to hand le the 
additional imports required to f i l l  secur i ty s torage . The cos t  
estimates presented be low are be lieved to be representative of  an 
average East  Coas t location . First quarter 1 9 7 5  dol lar s are shown 
and would have to be ad j us ted upward for late 1 9 7 0 ' s  cons truction 
because of inflation . 

TANKAGE COSTS 

Cons truction Requiremen ts 

Tankage ( 5 0 0  MB each ) , inc luding 
foundation s , f irewal l s , etc . 

Connection to re finery , pumps , line s , 
etc . 

Land 

Total Without P i l ings 

Total With P i l ings 

$ /B ( 1 9 7 5 )  

6 . 0 0 

2 . 5 0 

0 . 5 0 

9 . 0 0 

1 2 . 5 0 

Overall , the total investment required for a 9 0 -day crude 
security program in stee l tanks for PAD I would approximate $ 1 . 6  
bill ion , excluding the cos t  of  f i l l . For a 2 5 0  MMB proj ect , year­
ly maintenance cos ts for s teel tankage would average about 2 . 5 ¢ 
per barre l compared to about 1/2 ¢ per barrel for salt dome s torage 
and 1 . 5 ¢ per barre l for concrete storage . These e stimate s app ly 
after storage is fi l led and exclude ad valorem taxe s . 

Proj ect S chedule 

The timing for cons truction of  a 1 8 0  MMB pro j ect would largely 
be influenced by the availab i l i ty o f  s tee l . I t  i s  es timated that 
6 to 7 years would be necess ary to complete a pro j ect o f  thi s  mag­
nitude assuming a de s ire to minimi ze cons truction cos t . However , 
thi s  could vary depending upon the overa l l  level o f  s te e l  cons ump­
tion in the Uni ted S tates . Bas ed on the fol lowing s chedule , it  i s  
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concluded that time requirements for cons truction of  large quanti­
ties o f  aboveground s teel tankage wi ll be at lea s t  as great as for 
salt dome s torage . 

Construction of 1 8 0  MMB of crude storage in aboveground stee l 
tanks on the East Coas t  could probably be completed by 1 9 8 2  i f  
security storage leg i s lation i s  enacted by mid-year 1 9 7 5 . The 
additional time to complete storage f i l l  would depend on crude 
availability .  I tems critical to completion are as fol lows : 

P ROJECT SCHEDULE 

Key Events 

Deve lop proj ect scope , complete environmental 
studies , prepare budget 

Order tank s ( inc lude s engineering , spe c i f i ­
cations , bids , b i d  eva luation , plac ing orders ) 

Lead time unti l  de l ivery of  first tank fo l lowing 
order 

Construct ion time : 3 6 0  tanks , 5 0 0  MB each 

Months 

6 

6 

1 2 ( 2 )  

5 4 

Total time to completion 7 8  
( 6 - 1/ 2  years }( 3 )  

Storage in Concrete Tanks 

Prestres sed concrete s torage is also an a lternative . In cer­
tain locations , cos t  of s uch s torage in the 1 to 3 MMB s i ze range 
could compare favorably with current s teel tankage cos ts . Opera­
tion of  storage of the above-noted s i z e  at 2 to 3 pounds per square 
inch { ps i )  would minimi ze vapor generation and thereby reduce the 
size  of the vapor collection header and the vapor disposal  sys tem . 
At this pressure range , only the vapor generated during f i l l ing need 
be vented . The circular pres tressed concrete tankage concept has 
been used in about 2 0 0  s torage uni ts wi th some tanks having been 
in service for a lmos t 3 0  years . Pre s suri z ing s uch tanks to 2 to 3 
psi would involve exi s ting technology . 

CONCLUS IONS AND RECOMMENDATIONS 

Consideration of the various alternatives avai lable for pro­
viding security petroleum storage , the estimated costs and con-

( 2 ) During tank del ivery lead time , construction of foundations 
and s ite preparation would be proceeding . 

( 3 ) ,Might be reduced by 1 to 2 years by dedicating the total 
resources of  the u . s . tank bui lding indus try to thi s  proj ­
ect . However , thi s  would increas e  cos t  s ignificantly and 
cause a delay in cons truction of  o ther proj ects . 
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struction s chedules leads to the fol lowing conc lus ions and recom­
mendations : 

• The lowe s t  cost method of providing emergency crude 
s torage is to leach caverns in Gul f  Coas t  s alt dome s . 
For pro j ects storing approximately 2 5 0 MMB ,  construction 
costs should range from $ 0 . 8 5  to $ 1 . 5 5  per barre l ( 1 9 7 5  
dol l ar s ) inc luding the cost o f  tanker loading faci lities . 
Such storage wi l l  uti l i z e  exi s ting and proven techno logy 
and wi l l  be des igned such that the impact on the en­
vironment wi l l  be minima l . 

• Emergency crude storage must be e ffectively integrated 
into the existing and planned u . s . crude logistical  
system . Such s torage should have d irec t  acce s s  to tanker 
loading fac i lities as we l l  as maj or crude trunk line s . 
I f  Gul f  Coast deepwater termina l s  are constructed in a 
time ly fashion , salt dome storage pro j ects s hould be 
located near deepwater termina l  onshore tank farms . I f  
the construction of  deepwater terminals  i s  de layed 
substantially , then salt dome s torage should be located 
near the three maj or Gulf  Coas t  inland waterways ( Houston 
and S abine Ship Channe ls in Texas and the Mis s i s s ippi 
River in Lou i s i ana ) . 

• A 2 5 0  MMB s a l t  dome s torage pro j ect can be cons tructed in 
about 5- 1/2 years i f  given adequate priori ty by the gov­
ernment . I f  engineering des i gn could be initiated by Jan­
uary, 1 9 7 6 , s ubs tantial s alt dome s torage could be ready to 
f i l l  wi th crude by mid- 1 9 7 9 . 

• I t  i s  doubtful that s igni ficant salt  dome s torage could 
be ready to f i l l  prior to 1 9 7 9 because of the time required 
to construct both storage and crude receipt f ac i l i ti e s  
such as  pipe l ine s o r  tanker docks . The amount of  s a lt 
dome storage avai lable for f i l l  in mid- 1 9 7 9  could be 
accelerated substantially at a cost of about 2 0 ¢  per 
barre l by insta l l ing duplicate leaching and brine di sposal 
fac i l ities  and leaching all  caverns s imultaneous ly . Thi s  
would not b e  j usti fied un les s  crude could also  be de livered 
into storage at an acce lerated rate . 

• I f  a 5 0 0  MMB crude storage program i s  undertaken , at 
least two pro j ects should be constructed , one in Texas 
and one in Louis iana . I f  a 1 0 0 0  MMB program i s  under­
taken , con struction of multiple 2 5 0  MMB pro j ects could be 
undertaken to speed completion of total s torage con­
struction . 

• Whi le s tee l tank storage offers maximum locational 
f lexib i l ity , construction cost ( $ 6 . 0 0 to $ 1 2 . 5 0 per 
barrel depending on location ) would greatly increase the 
cost of the storage program . I t  i s  e stimated that the 
construction of a 2 5 0  MMB stee l tank s torage proj ect 
would require at least as much time a s  a comparable 
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amount of  salt dome storage . In addition ., stee l re­
quirements  would be much greater and could , there fore , 
slow the deve lopment of other energy related pro j ects . 

• Other type s of  storage technique s do not appear to be 
applicable to large scale emergency storage proj ects 
because of cost , availabil ity , and/or location relative 
to the U . S . crude logi stical system . 

• Storage of  total emergency crude supp l i e s  in Gu l f  Coast 
salt dome s i s  there fore recommended .  
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CHAPTER IV 

FINANCING AND OWNERSHIP OF SECURITY STORAGE 

INTRODUCTI ON 

The two bas ic opt ions for the financ ing and/or owner ship of a 
crude security storage program are : government f inanc ing and 
owner ship , or private sec tor financ ing and ownership . Between these 
two extremes are a number of alternative combinations invo lving 
hybrid government/pr ivate financing and/or ownership . After careful 
analyses of the se alternatives thi s  study has reached the conc lusion 
that the most feas ible , most efficient , and lowes t  cost crude secur ity 
storage system for the United States  is one which is owned and 
financed by the u . s .  government , but which ful ly uti l i z e s  industry 
advice and experti se in its des ign , con struction and operation . 
Thi s conclus ion may at first seem counter- intuit ive in a nation 
which relies heavi ly on private industry enterpri s e  to achieve its 
goal s .  However , a careful examination of the obj ective s  and bene fits 
derived from a security storage system , as wel l  as a rea l i stic 
asses sment o f  the practical problems inherent in alternative ownership 
and f inanc ing pos s ib i l i ties , leads to thi s con c lu s i on . 

Government ownership and financing are not presented as 
the only pos s ible  approach . Several private ownership and financ ing 
approache s are pos s ible , but in the long run appear more co stly and 
les s e f f icient . The ob j ective of thi s  chapter i s  to. outl ine these 
alternatives and the ir advantages and dis advantage s .  

OBJECTIVES AND BENEF ITS OF SECURITY STORAGE 

An evaluat ion of  the various ownership and f inancing alternatives 
require s that they be con s idered in the l ight of  the Nation ' s  security 
storage obj ective s as  we l l  as the bene f its which re sult from security 
storage . These  ob j ect ives and benef its are br ie f ly s ummar i z ed as 
follows . 

The Nation has become increasingly dependent on o i l  imports , whi ch 
currently constitute 3 5 - 4 0  percent of Uni ted S tates o i l  consumption 
and about 2 0  perc ent of total energy consumption . The obj ective of 
security storage i s  to reduce the nation ' s  vulnerab i l ity to pos s ible 
future embargoe s of  imported oil which might occur for a number of 
reasons . For example : 

• As a result of armed conflict in forei gn producing areas . 

• For pol itical rea sons to bring pre s sure for changes in 
United State s  foreign { or even dome s t i c ) pol i c i e s  by 
disrupting the United State s economy . 

• In connection with direct mi l itary act ion by a fore ign 
power against the United State s or against nations whi ch 
the United State s i s  pledged by treaty to defend . 
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• As the result of  acc idents or natural di s a s ters which 
result in reduced foreign oil  suppli e s . 

To better understand the s igni ficance o f  " to reduce the nation ' s  
vulnerabi l i ty to future o i l  embargoes , "  it  i s  instructive to examine 
the potenti a l  impacts  of a future embargo . Based on previous NPC 
estimate s in the NPC Emergency Preparednes s  Report dated S eptember , 
1 9 7 4 , an embargo which results in the los s  o f  3 MMB/D o f  Uni ted 
States o i l  supplie s for an extended period of time could cause a 
reduction in real Gross  National Product ( GNP ) o f  about 8 percent . 
Tran s l ated into human terms us ing Okon ' s  correlation thi s  would 
increase the unemployment level by over two percentage point s--or 
in excess. of two mi l lion workers could lose the ir j ob s  ( depending on 
how the shortage was managed ) . Economic ef fects of this magni tude 
could not be conf ined to any one industry , any one group of consumers , 
or any one geographic area , but would af fect the Nation a s  a whole . 

Thi s helps  to i llustrate that the j usti f i cation for a security 
storage program i s  des igned to protect the broades t  national intere st 
against a threat to its economic we l l-be ing and i t s  mi l itary security . 
The bene f i ciarie s  o f  a security storage program are the Nation a s  a 
whole , its economy , and all its people in thei r  roles o f  producers 
and consumer s .  Unfortunately , it  is s ometime s a s s umed that only 
selected indu s tries  ( such as  the petroleum industry ) , s e lected 
consumer s  ( such as automobile owners ) ,  or selected area s  of the 
country ( such as the Eas t Coas t )  benef it from protection agains t a 
future oil  embargo . 

Al so the nature and purpose of  crude petroleum secur ity s tocks 
needs to be c learly distingui shed from the substant i a l  working 
stocks of  crude and products maintained by indus try . The s e  stocks 
are owned and f inanced by industry for the purpose o f  operating an 
efficient nation-wide supply network . The consumer needs for hundreds 
of  d i fferent petroleum products in every region of the country are 
dai ly met by the United States o i l  industry . In order to accompli sh 
thi s manmoth task rel iably , highly di spersed increments o f  working 
stocks are u sed by many individual competing compani e s  to prevent 
consumer supply disruptions which might . re sult from a wide variety 
of norma l operating contingenci e s  such a s  tanker delays , refinery 
shutdowns , pipeline outages ,  etc . , as we ll  as for seasonal demand 
variati ons . The centrally control led national securi ty c rude stocks 
on the other hand are intended to provide protection against an 
entire ly dif ferent contingency , hopefu l ly , one that might never 
occur again . Final ly , it must be recogni zed that in the event of 
a national emergency resulting from an embargo , government , not 
indus try , wi l l  likely have primary control over the acces s to and 
disposition of national s ecurity s tocks . 

The obj ectiv·es  o f  a national s ecurity storage system include 
other important criteria such as : 

• Timely and expeditious construction . Import levels  and 
our vulnerab i lity to an embargo are already signi f icant 
and growing . 
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• The system must be controlled to ensure that the de s ired 
crude stock s are actual ly on hand in the event of an 
emergency . 

• Also the sys tem mus t  be able to respond qui ck ly and effi­
ciently to  move the crude s ecur i ty s tocks into the Uni ted 
State s supply sys tem to replace lost imports . 

The se requirements have been careful ly cons idered in the recom­
mendations contained in thi s  report on the type of s torage fac il ities , 
their de s ign and location , and type of f i l l . I t  i s  equal ly important 
that they be considered in dec i s ions about owner ship and f inancing . 
Further , it can be anticipated that a system whi ch i s  character i z ed 
by s impl ic ity in its ownership and administrative requirements and 
in its financ ing methods is most like ly to meet thes e  needs f rom a 
practical standpoint . 

DESCRI PTION OF PRIVATE OWNERSHIP ALTERNATIVES 

All Refiners and Importers 

Several approaches exi st  to structuring a pr ivate-owned secur­
ity storage sys tem . One obvious pos s ib i l i ty is to require that all 
ref iners and importer s of crude and products expand their working 
stocks to provide a prescribed leve l of s ecurity s torage protection . 
Thi s could be s imi lar to some European sys tems . Importers of l iqui­
fied natural gas , chemi cal feeds tocks , or even overland natural 
gas might be  inc luded . Presumably ,  a fu l ly equitab le sys tem would re­
quire the industries which import these hydrocarbons to also  provide 
national security storage . 

This  approach cou ld distribute the burden o f  security s torage 
proport ionate ly on a l l  refiners and f inished and unf ini shed product 
importers . Also , it would result in wide phys ical di sper s ion of 
stocks which might be advantageous from the standpoint of safety 
from phys ical haz ard s , sabotage , etc . However ,  thi s  approach would 
require a mas s ive adminis trative system whi ch would have to determine 
and def ine by regulation the normal working s tock leve l s  for e ach 
clas s of bus ine s s  ( refiner , e lectr ic uti l i ty ,  terminal operator , etc . ) 
and for each product ( crude , fue l oil , mogas , etc . , or e s tab l ish 
crude o i l  equivalent factors for each product ) .  Also working stock 
level s  vary seasonal ly for each area o f  the country . Having defined 
working s tock levels , a complex reporting and monitoring sys tem would 
be required to audit and confirm the physical ex i s tence of the 
prescribed emergency stocks . 

Because the storage would be dispersed and loca ted primari ly in 
abovegroun d stee l tanks , it would lose the economy o f  scale and be 
much more costly than l arge volume salt dome storage . Due to the 
geographic di spers ion of the storage , it would be much more d i f ficult 
to ensure the exi s tence o f  the required stock leve l s  or to deploy 
them efficiently in an emergency . Because of  the large impact in 
terms of cons truction ef fort and cos t to many private owners ,  applica-
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tions for relief from hardship , requests for exceptions , etc . , would 
probably be subs tantial ,  which could de lay speedy achievement of  the 
much needed s e curity benefits of the program . Experience to date 
sugges t s  a strong l i ke l ihood that equitable admini stration of the 
program would be extremely diffi cult to achieve in the f ir s t  instance 
and/or to maintain over the long period of years during whi ch the 
Nation wi l l  require petroleum security s torage . 

Crude and Product Importers Only 

Another commonly discu s s ed approach is to require each importer 
of crude or products to be respon s ible for providing a prescribed 
leve l of security storage . This approach i s  arguable in that it 
places  the re spons ibi l ity for providing protection direct ly on those 
who import the supplies  which are insecure . However , thi s  argument 
ignores the fact that the alternative to imports for the foreseeable 
future is maj or energy shortages in the United S tate s . Thi s would 
cause the highly i nterdependent United S tate s economy and all its 
people to suffer , not j ust importers or consumers of foreign o i l . 

P l acing the burden of storage on the crude and product importers 
could resu lt in a substantial dis incentive to import depending on 
how the a llocat ion financ ing burden was handled . Importers wou ld be 
put at a subs tantial  competitive disadvantage and inevitable pres sures 
would ari s e  to " equal i z e "  the di sparity by s ome further regulatory 
machinery such a s  inc lusion in a raw materi a l  and products equa l i z ation 
or entit lement-type program .  Thi s  approach would have many o f  the 
same inherent ine f f i c ienc i e s  from poor economy of scale and wide 
geographi c  d i stribution of stocks  as the plan d i s cus sed above , 
although to a l e s ser degree . Also thi s  p lan might tend to dictate 
large amount s  of fue l o i l  storage in heated aboveground stee l tanks 
by individua l importers ,  inc luding terminal operators and e lectric 
uti lities . Thi s could be  h ighly inefficient because of its  relative ly 
high cost and unnece s s ary because the bulk o f  fuel o i l  den i a l s  could 
probably be handled by other emergency s teps , as  deta i l ed in the 
ear l ier chapters of thi s  report . 

Industry Consortiums 

A third and pos s ibly more efficient approach to private ly-owned 
storage would be the formation of one or more indus try groups or 
consortiums to develop and operate large volume , centrally located 
salt dome storage . Thi s method would be app l i cable whether the 
storage ob l igation app lied to all  refiners and importers , or only to 
importers . Thi s  approach would permit central i z ed storage to achieve 
economy of scale and would eliminate some of the problems of admin­
i s tration caused by widely diver se physical  location . 

Under thi s approach government might e stab l i sh storage obligations 
for e ither all ref iner s , terminal operators , and other importers , or 
j ust for importers . The government could pres cribe that each operator ' s  
security storage obl igation be placed in large volume centra l iz ed 
salt dome s torage . Thi s , in addi tion to normal logistical  and 
economic cons iderations , would probably result in the formation of 
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one or more private ly-owned consortiums to develop Gul f  Coa st salt 
dome storage . The se groups could solicit industry partic ipation on 
an equ ity bas i s  and might provide sma l ler operator s  s torage for a 

· 

fee . 

Among the many dis advantage s of  thi s  approach i s  the fact that 
considerable time would be required to obtain private participation 
and negotiate operat ing agreements with the re sulting delay to 
national security storage programs . Obtaining federal leg i s l ation 
enabl ing a workable security s torage venture o f  thi s  type which 
contains adequate antitrust safeguards pre sents a number of  maj or 
practical obstac le s to thi s  method of ownership . 

FINANC�NG A PRIVATELY-OWNED SECURITY S TORAGE SYSTEM 

Be fore cons idering options for private f inancing of national 
security storage , severa l important characteri s t i c s  of  security 
stor'age costs merit cons ideration . Key con s iderations include : 

• Initial out-of-pocket expenditures for s torage fac i l ities 
and fi l l  are sub s tantial--as much as $7  b i l l ion for a 5 0 0  
MMB sys tem .  Operating costs , whi le s igni f i c ant , are les s 
sub s tantial . 

• Cost of f i l l  i s  the maj or capi tal cos t  whi ch might 
partially be recovered through ultimate sale  of the 
oil  after Uni ted States achieves a leve l of domestic 
self- suf f i ciency which wou ld al low liquidation of the 
security storage program . 

Thus , the nature o f  security storage requires a very l arge 
initial inve stment , but permits  no income to be earned and profit ( or 
loss ) to be generated until  it i s  ultimate ly sold and not replaced . 
In fact , the investors '  abi l ity to sell  the a s s et { even at a los s )  
is prevented , except in the uncertain event o f  an embargo after 
which it must be rep laced at pos s ibly higher cost , or at some unknown 
time in the future when security storage is  no longer needed . It  
has been argued that security storage can in  fact be highly profitable 
for indus try or government- - i f  the price of oil  r i s e s  suf f i c iently 
over the long term or in an emergency . Thi s , however , is a f a l l acious 
argument . Firs t , there i s  no guarantee that oi l prices  wi l l  always 
rise- - some be lieve they wi l l  decl ine in the long- term . Also it is  
c lear that any private owner of national security s torage wi l l  be  
required to  s e l l  the securi ty stocks at  control led prices during a 
national emergency . F inally , once the inve stment i s  made in s ecurity 
storage there i s  no as surance when , i f  ever , the o i l  wil l  be sold at 
any price . Because o f  these characteristics there i s  no prof it 
incentive for a pr ivate investor to bui ld and own secur ity storage . 
It wi l l  be bui lt only in the intere st o f  nationa l security . Because 
there is no reasonable way for a pr ivate inve stor to earn a return 
directly on h i s  security storage inve stment , he must seek to recover 
its cost from other sources . 
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PETROLEUM INDUSTRY CAPI TAL NEEDS 

Furthermore ,  when considering various f inancing alternative s 
for private owner ship of  secur ity storage , it i s  nec e s sary to understand 
the bas i c  f inancial and capital formation out look for the United 
States petro leum industry . The problem o f  sharply increased petroleum 
indu stry capita l need s and the ir f inanc ing has a s ign i f ic ant bearing 
on s ecurity storage financing options . The fundamenta l problem can 
be out lined briefly . 

During recent years ( 19 6 3 - 19 7 2 )  total United S tates petroleum 
indus try capital expenditures averaged about $ 8  b i l l i on per year . 
In 19 7 3  total expendi tures were about $ 1 0  b i l l ion , and in 1 9 7 4  ex­
pendi tures increas ed 3 0 - 4 0  percent to about $ 1 3 - $ 1 4 b i l l ion . Knowl­
edgeable peop le in the indus try , the financial ins titutions , and the 
Federal Government a l l  pro j ect that further sharp increases wi l l  be 
required over the next decade i f  the Uni ted S tates i s  to maintain or 
increase its leve l of energy independence .  E s timate s for petroleum 
indus try capital requirements over the next decade range from $ 2 0 - $ 3 0  
b i l l ion per year ( 19 7 4  dol lar s ) .  While the prec i s e  figure i s  not 
known , it is clear a 2 0 0 - 3 0 0  percent increase in petroleum indus try 
expenditures is nece s s ary to move toward the Nation ' s  energy goal i .  

The nature o f  most petroleum indu stry inves tments have historically 
dic tated that a high degree o f  internal financing be employed , i . e . , 
much of  the indus try ' s  past inve stments have been f inanced internal ly 
from reta ined earnings and capital recovery allowances . This i s  
becaus e petroleum inves tments are charac ter i zed b y  relative ly high 
risks ( particular ly in Exploration and Produc tion ) ,  high cos t ,  technical 
complexity and often high front end loading and relatively long lead 
times before prospective income i s  earned . In  the future the se 
problems are like ly to become more important to the inve s tors as 
industry moves into more remote off shore and arctic areas  in the 
search for new reserve s . In addition political uncertainties  about 
o i l  and gas  price regulation , taxation , and overal l nationa l energy 
pol icy cont inue to c loud the industry ' s  f inancial picture . In spite 
of these constraints , the petroleum indus try has increas ed its use of 
outs ide capital subs tantially over the pas t  decade . During thi s  time 
industry debt/shareholder equity ratios  have about doubled from 15  
to 30  percent . 

In view o f  these conditions , f inancing a 2 0 0- 3 0 0  percent increase 
in capital requirements is like ly to stretch indu stry ' s  debt capacity 
severely . A further commitment to a $ 7  b i l l ion non-energy producing , 
non-income producing security storage program will further drain 
indu s try resources and is  like ly to divert c apital away from vitally 
needed energy resource deve lopment pro j ects . I t  i s  a l so unl ik&ly 
that a high cost , indef inite duration , non- income producing s torage 
program would be able to attract cap i tal  on i ts own pro j ect f inanc ing 
mer its . I n  short , a secur ity s torage program cannot be f inanced in 
the same way norma l income producing inves tments are without creating 
a drain on petroleum indus try f inanc ial resources which might be more 
productively used to increase domes tic energy supplies  directly . 
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several options ex i s t  for f inanc ing a privately-owned s torage 
system . These inc lude : 

• Complete indus try financing with recovery of  capi tal and 
operating cost in a free marketp lace . 

• Industry f inancing with government loan guarantees . 

• Industry f inanc ing with cost recovery from the government 
by mean s of tax credits , import fee s or tar i f f  rebate s , or 
even direct g rant s . Note that whi l e  these latter options 
ma inta in private ownership , they amount to indi rect 
government financ ing to the extent costs  are recovered 
through government mechani sms . 

RECOVERY OF STORAGE COSTS IN THE FREE MARKETPLACE 

Whi l e  in theory indus try should s imp ly r ecover the co s t s  o f  
secur i ty s torage i n  a free marketp lace by incr eas ing produc t pr ices , 
in prac tice th i s  op tion i s  very uncertain . · S hould pr ice  contro l s  
exi s t , as  they d o  now , anytime dur ing the l i f e  o f  the s ecur i ty s tor­
age pro j ect , recovery o f  the cos t  would be p laced in sub s tantial  
j eopardy . S ince ther e  i s  no  prof i t  incentive for a pr ivate inves tor 
to bu ild , f i l l , and own na tiona l secur i ty s torage , it wi l l  be accom­
p l i s hed only in the interes t of na tiona l s ecur i ty . Becau s e  there i s  
no rea sonable  way for a pr iva te inve s tor to earn a return o n  h i s  
secur ity s torage inve s tment , h e  mu s t  ul timately s eek to recover i t s  
cos t  from the government . 

GOVERNMENT LOAN GUARANTEE S 

Government loan guarantee s are a potenti a l  means of  as s i s ting 
private f i nancing o f  nationa l secur i ty s torage . However , i t  mus t  be 
recogn i z ed that thi s type guarantee protects  only the private lender 
agains t def ault by the borrower , thus permi tting a loan to be  granted 
for an otherw i s e  unacceptab l e  r i s k . It doe s noth i ng to ensure cos t  
recovery by the private borrower . Even with government guarantees , 
the borrower ' s  repayment ob l i gation i s  not abrogated - - except i n  the 
event of  h i s  defau l t . Thi s  i s  l ikely to be  of  l i tt l e  comfort to the 
oi l indus try inve s tor ; thus guaranteed s ecur i ty s torage loans wi l l  
almost certainly affect  indus try debt/equi ty ratios  and cred i t  s tand­
ing and the ab i l i ty to borrow capital  for other pro j ec t s . 

OTHER METHODS OF GOVERNMENT SUPPORT FOR PRIVATELY-OWNED S TORAGE 

A number of approache s are available for government to provide 
financial support to the private sector for cons tr uc tion and 
ownership of security storage . 

Government Loans 

Direct government loans for s e cur i ty s torage are an a l ternative 
to loan guarante e s . However , to the extent that the program is rea l ly 
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a loan creating a f i rm ob ligation to repay , i t  i s  fundamenta l ly no 
dif ferent from other types of loan financ ing . I t  s t i l l  leaves indus ­
try with increased debt and prob lems of cos t recovery whi ch affect 
capital resources . 

One approach would be an interest-only loan by government with 
the princ ipal to be repaid only when the stored o i l  is used . Thi s 
would reduce the d ivers ion o f  industry ' s  capital avai labi l ity and 
debt problems whi ch result from other type s of f inanc ing , with the 
out-o f-pocket cash cost being interest only . 

Tax Credits 

Government could provide for recovery o f  storage costs by 
credits  again st income taxes . Thi s  approach has been used in the 
past as a tool . to s t imulate the economy by stimulating overall . 
bus ine s s  investment ,  or to direct private capital into c ertain 
sectors o f  the economy . However , it has genera l ly been app lied in a 
fashion which merely reduce s  the total out o f  pocket investment 
required rather than providing ful l cost recovery . In  other words , 
industry s ti l l  a s sumes a maj or share o f  the risk . Tax credits are 
unl ike ly to provide adequate incentives for s ecurity storage unle s s  
they permit e s s enti a l ly ful l cost recovery . Also the adequacy of 
such incentives wi l l  depend on an individual ' s  or corporation ' s  tax 
s i tuation at a particular time . Those with a low or negative earnings 
pos ition or those wi th a relatively low effective tax rate because of 
l.aw provi s i ons wi l l  not be he lped as much as other s . Final ly , it  mus t  
b e  recogni zed that s torage cos t recovery through tax rebates in re­
ality i s  a form of government subs idy and pos s ib ly les s e f f i c ient than 
more direct means of government f inancing . 

Rebates on Impor t  Fees or Tariffs  

Ano ther way to  permit s torage co s t  recovery i s  through rebates 
of impor t  fees and tar i f f s  to ref iner s and importers . Thi s approach 
has the appearance of having the ins ecure imports support the cos t 
of s torage . However , this approach i s  s imply ano ther indirect sub­
s idy or means of government f inancing . Tar i f f s  and import fees im­
posed for whatever reason provide revenue to the Uni ted S tates 
Treasury . To the " extent thi s  revenue i s  diverted by rebates for se­
cur i ty s torage , i t  is equivalent to indirect government f i nanc ing 
from public fund s . 

· 

Direct Grants 

D irect grants can be made by government to cover the cost of 
national security storage . I f  the national intere s t  i s  best served 
by having security s torage owned and operated by private industry 
but f inanced by the government ,  thi s is the most e f f ic i ent mechani sm 
( except pos s ibly interest-only loan s )  and might be preferred over 

more complex and indirect methods of government f inancing such as 
tax or fee rebates . With thi s approach ( as with tax or fee rebates ) 
the government i s  faced with the problem o f  e stab l i shing administrative 
machinery to ensure that only appropriate costs incurred are repaid 

9 4  



as distingui shed from poor pro j ect management , etc . F inal ly , a 
direct grant program of the s i z e  nece s sary for nationa l security 
storage con struction, f i l l  and operation i s  l ike ly to create po litical 
controversy and therefore introduces risk of substanti a l  de lays �nd 
uncerta inty in implementing the program . 

HYBRID SYSTEMS 

The di scus s ions above have assumed indus try would be respons ible 
for owning and financ ing both the storage fac i l ities  and the crude 
oil  inventory . However ,  alternative sp lit owner ship pos s ibilities  
exi st . One approach would be  for industry to  cons truct and operate 
the storage faci l ities with government owning the o i l . Under thi s  
concept , industry would finance and own the storage fac i l ities and 
government would f inance and own the storage o i l . In e s s ence , 
industry would be provid ing bonded storage to be uti l i zed under the 
direc tion and contro l of government . This p lan has s everal features : 

• The capital requirements and f inanc ing o f  the fac i l ities 
i s  a fraction of the total storage program cos t . Also it 
could be anticipated that industy might generate a revenue 
stream by renting the storage to government through operating 
fee s . Thi s  could fac i l itate outs ide proj ect- type financ ing . 

• It would encourage a high level o f  indus try partic ipation 
and expert i s e  in the des ign , cons truct ion and operation of 
the fac i litie s . 

• Government ownership and control of the crude would be 
consi stent with exi sting government ownership of Naval 
Petro leum Re serve stocks at E lk H i l l s  (which ha s been 
proposed as the bas is ior security storage oi l }  as we l l  as 
the fact that government wi l l  control use and di spos ition 
of the stocks in an emergency . O i l  for storage , or money 
to buy oil , mignt be provided through immediate deve lopment 
of Nava l Petroleum Re serves . Deve lopment of these reserves 
wil l  make pos s ib le transfer of o i l  from relatively inacce s s ible 
s torage in its natural res ervoir to more readi ly acce s s ible 
s alt dome storage at a cost ( ! )  to the public  which i s  much 
l e s s  than the cost of imported o i l . An alternative would 
be the reverse approach ; government construction of the 
storage fac i l ities and industry owner ship of the stocks . 
However ,  all  of the advantages cited above can be cited as  
dis advantages for thi s  approach . 

From the foregoing examination of alternative methods of financing 
it can be observed that a l l  viable mechan i sms to promptly implement 
a national security storage program provide for heavy government 
involvement one way or another . 

( 1 )  Security storage system costs as used in thi s chapter means out­
of -pocket expenditures for facilitie s , f i l l , operation and 
maintenance of the faci litie s , and actual intere st charges on 
capita l  employed . 
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GOVERNMENT OWNERSHI P 

The concept o f  government owner ship of  national security storage 
is straightforward . Passage of enabling leg is lation estab l i shing 
the s torage program , as we l l  as funds to implement the program ,  i s  
needed . Fol lowing that , the de s ignated agency should rapidly be in 
a position to contract for the engineering des ign , s ite se lection , 
and environmental studies nece s sary to begin construction . At this  
point , the agency w i l l  have the bene f it o f  various s tud i e s  of security 
storage requirements such as thi s  report and the s tudies  currently 
being contracted by the :F-ederal Energy Administration . 

There are a number o f  factor s which support government ownership 
and f inancing o f  security storage . These include : 

• The ba s ic purpose of a national security s torage system 
i s  to protect the phys ical and economic s ecurity o f  
the Nation , a role analogous to that of  a maj or weapons 
system . 

• The bene fits  of  a security s torage system , in the event of 
an embargo , accrue to the Nation a s  a whole rather than a 
spec i f ic indu stry or group of consumers . 

e The nature and requirements of a nat i onal security s torage 
system are such that it cannot be read i ly undertaken and 
financed by private industry as a normal bus ine s s  inve stment , 
as d i s cus s ed previous ly . I t  is  o f  no d i rect bene f i t  to 
pr ivate indus try unless  mandated or s ubs idi z ed by government . 

• The pub l i c  po licies wi l l  determine the level o f  security 
storage ( i . e . , what amount of  protection the United States 
needs  in view of  the world s ituation , United S tate s foreign 
pol icy obj ectives , etc . ) .  Also government wi l l  control 
the acce s s  to and disposition of national security stocks 
in the event of  an emergency . 

• Government a lready owns and operates sub stantial publicly­
owned re s erve s at NPR- 1 and pos s ib ly at NPR- 4 . The NPR- 1 
( E lk H i l l s ) reserves are the recommended bas i s  for s ecurity 
storage f i l l . 

• Subs tanti a l  legal and historical precedent exi s t s  for 
government ownership and f inanc ing o f  emergency s tockpiles 
of critical materials . Government owned and f inanced 
stockpi l e s  have been and are being maintained under three 
separ ate acts ( The National Stock P i l e , Defense Production 
Act S tockpi les , and the Supplemental S tockpile authori z ed 
under the Agricultural Trade Development and As s i s tance 
Act ) . 

While government ownership f inancing and control o f  national 
securi ty storage i s  the mo st straight forward approach , thi s  woul d  
not prec lude invo lvement of the private sector i n  de s ign , construction 
and operation . It  i s  recognized that the des ign , construction and 
operating expert ise for such a sy stem is located in private in.dus try . 
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Thi s expert i s e  can read i l y  be obta ined by government throug h the u s e  
o f  pr ivate contra ctor s ,  which i s  c ommon prac t i c e  in a wide range o f  
government procurement programs . I t  i s  e s sent ia l tha t the s e cur ity 
storage be s o  cons truc ted and located to ensure e f f i c i ent integrat ion 
into the nat ionwid e  petro l eum log i s t i c a l  sys tem . Th i s  wi l l  both 
minimi z e  c o s t  a nd ensur e  e f fect ive and t ime ly di s tr ibution o f  
secur ity s torag e crude under gove rnment direc t i on dur ing a n  emergency . 
Thi s can be achieved through gove rnment superv i s i on o f  knowledgeable 
private compa�i e s  with ex ten s ive exper ience and proven record o f  
performance in t h e  var i ou s  pha s e s  of pro j e c t s  o f  thi s nature . 

GOVERNMENT F INANC ING OF S ECURI TY S TORAGE 

S evera l opt ions exi s t  f or government f inanc ing ( in add i t i on to 
ind irect f inanc ing or pr ivate ly owned storage ) . The s e  inc lude : 

• F inanc ing f rom general revenue fund s . 

• F in ancing f rom ded icated trust fund s carved out o f  e x i s t i ng 
fee s and t ax e s  ( such a s  fees on import s ,  g a s o l ine exc i se 
taxe s , e tc . ) . 

• I ncrementa l f in anc ing by mean s o f  new f e e s  o r  taxe s , such 
a s  addit ional import fees or exc i s e  taxe s on petro leum 
produc t s . 

• Revenue from the s a l e  of gas l iquids extracted from g a s  
a s s o c i ated w i t h  the production o f  NPR- 1 . 

Under the f i r s t  two p l ans a l l  taxpayer s  and g overnment progr am 
bene fic iarie s ,  in e f f e c t , pay for the s ecur ity s torage . Wi th the 
inc remental f inan cing method the publ ic impact is more d i re c t  and 
the burden is p l aced di rectly on petroleum consumer s ,  such as farmers , 
motor i s t s , ut i l i t i e s , and industrial u s e r s . However , even t h i s 
approach wi l l  s pread the impact throughout the economy a s the hi gher 
co sts are p a s s e d  on to the retai l level in the form of h igher p r ic e s  
for food , for manu factured goods and h igher uti l i ty rate s . 

F inancing through a proper ly contro l led ded i c a ted tru s t  fund 
faci l i tate s mak ing the expendi tures for s torage more e a s i ly ident i f i ­
ab le and contro l l ab l e . A l s o  th i s  h a s  the advantage o f  provid i ng fu l l  
funding immed iately for the large initia l construc t ion c o s t s . Under 
a system wh ich attempted to recover actual s torage c o s t s  from the 
con sumer via direct reta i l  l eve l exc i s e  t axes , g ove rnment wou ld 
sti l l  have to provide th i s  init i a l  fund ing to be o f f s e t  by tax 
collection s  over the l i f e o f  the proj e ct . An a l ternat ive woul d  be a 
more sub s tant ial temporary exc i s e  tax de s igned to recover the fu l l  
initial c o s t  o f  s torage over a shorter per iod . T h i s  wou l d  have a 
greater impac t  on the consumer . 

The d irect consumer lev e l  exc i s e  tax has the appe a l  o f  requ ir ing 
a vi s ib l e  bene f i c i ary of s torage , the consumer of p e tro l eum produc ts , 
to pay the co s t .  However , th i s  ignor e s  the fact tha t u s er s  o f  o ther 
fue l s  are a f fected by a sudden denial of petro l eum impor ts . I n  fact , 

9 7  



the entire economy and a l l  c i ti zens wou ld fee l the advers e  impac ts o f  
a maj or embargo . Also , ·  the mechanic s  of impos ing an addi tional dedi­
cated exc i s e  tax which i s  spec i f ical ly related to the cos t  of  s torage 
is l ikely to create comp lex administrative probl ems . 

RECOMMENDATIONS 

Consideration of the various f inanc ing and owner ship a lternatives 
out l ined in the foregoing discuss ion leads  to the following conclus ions  
and recommendations . 

• Government should continue to own crude from NPR- 1 ( or its 
exchange equivalent ) when tran s f erred to and stored in 
Gul f Coast salt dome s . Government should f inance and own 
these crude security s torage fac i l itie s . 

• De s ign , construction , management ,  and operation o f · the 
system s hould be contracted on a competitive bas i s  to 
qua l i f ied private companie s , under supervi s ion of the 
appropriate government agency . Thi s agency should not 
its e l f  a ttempt to dupl icate or overlap exi s t ing private 
indus try capability . 

Thes e  conc lus i ons  have been reached in recognition that the 
pro j ect is a maj or national security undertaking in the broadest 
public  intere st . Thi s  proj ect can appropriately be f inanced and 
contro l l ed by the government in a manner con s i stent with that purpose . 
Operational util i z ation of  thi s  proj ect , i f  any , other than in time 
of national emergency , cannot be predicted and should not be a llowed . 
There fore , national secur ity storage .has  no predictable  revenue 
stream nor ri sk/prof i t  relationship . As such , it i s  outs ide the 
realm of private indu stry investment and would otherwise have the 
ef fect of reduc ing c apital resource s  available for dome stic energy 
resource deve lopment . 
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CHAPTER V 

FEDERAL ACTIONS 

INTRODUCTION 

For overall energy emergency preparedne s s  planning , the NPC has 
previous ly recommended several key f ederal actions . Those actions 
inc lude : 

• Adopting and imp lementing nationa l energy policies  de s igned 
to increase the United State s se lf-sufficiency in energy . 

• Deve loping an operational definition of  an energy emergency . 

• Eas ing of res tri ctions on indus try personne l in order 
to al low 'the Federal Government to uti l i z e  the ex­
pertis e  of individuals knowledgeable in energy operations . 

• Re as sess ing the role of the Naval Petroleum and O i l  Sha le 
reserve s in overall  emergency preparedne s s  planning . 

• Developing s tandby emergency programs for emergency consump­
tion reduction measures , emergency oil  and gas production , 
and additional use of coal . 

• Imp lementing an emergency petroleum s ecurity storage 
system . 

Thi s  latter recommendation wi ll  require the pos i tive action of 
numerous federal departments and agencies as all facets of the des ign , 
construction , operation and use of the security s torage program wi l l  
b e  highly dependent on governmental actio·ns o r  inactions . 

GENERAL FEDERAL ORGANI ZATION 

An early and de f initive resolution on the part o f  the Federal 
Government that a security storage petroleum re serve i s  a matter of 
high national priority is  e s s ential to the expeditious completion of 
the program . While existing legis lation might be sufficient for 
such a program to be undertaken , new legi s lation des igned to coordin­
ate and expedite a securi ty s torage system is recommended so  that the 
often competing ob j ectives of the various f ederal departments and 
agencies can be met with minima l disruption to the purpose of security 
storage . Fur ther , one s ingle department or agency must be de.s ignated 
to be in charge of the overall program . 

The ma j or deterrent to the expeditious · emplacement of a security 
storage sys tem would be a lack of re solution on the part of  the 
Federal Government .  Thi s  study , as wel l  as previous NPC reports , 
has demonstrated the logistical and economi c advantages o f  a United 
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State s secur ity storage system be ing based on maintaining large 
volume s of crude o i l  in salt dome s on the Gul f Coast . The constantly 
chang ing wor ld political and economic environment wi l l  undoubtedly 
require constant adj ustment and improvements to the overa l l  s torage 
program , but the cornerstone of the proj ect would remain the same . 
I t  i s  c lear that a sub stant ial volume of petroleum security storage 
is needed within the United State s and that e f forts to implement 
such a program should begin immediately becau s e  of the long lead 
times involved . Thus , agreement and implementation o f  the base of  
the system s hould begin now with total system deta i l s  deve loped at a 
later date . Attempts to answer all  the questions about the ultimate 
na�ure of the program before acting can only delay the attainment of 
the crude storage portion . Further , the wi sdom of fina l i z ing the 
entire pro j ect at this time , as opposed to al lowing review and 
modification as conditions change , is open to ques tion . 

Under exi s t ing statute s , more than a dozen federal  departments 
and agenc ies could be involved in the planning and implementation of 
the storage program . These inc lude : 

• Federal  Energy Admini stration ( FEA) 

• Counc i l  on Environmental Quality ( CEQ ) 

• Environmental Protection Agency ( EPA) 

• Department of the Interior : 

United States Geological Survey ( USGS )  
u . s .  F i s h  & Wi ldl i fe Service 

• Department of Defense : 

Department of the Navy 
Corp s of Engineers ( Department of  the Army ) 

• Department of Commerce 

Nat ional Oceanic and Atmospheric Admini s tration 
( NOAA) 

• Department of Transportation 

Office of P ipel ine Safety 
Coast Guard 

• Department of Justice 

• General Services Administration ( GSA) 

While many of these departments and agenci e s  wi l l  have a continuing 
monitoring ro le in a storage program , their involvement in construction 
and f i l l  of  a proj ect must be coordinated by a s ingle organization 
or de lays  wi l l  inevitably occur . The maj or obj ectives or mi lestone s 
in the implementation of  a security storage program , Federal Government 
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actions requi red to he lp achi eve them and the re spon s ib l e  agenc i e s  
are l i sted i n  Table 1 3 . 

I n  order to exped i te imp lementation and min imi z e  c o s t s , organi z a­
tions know ledgeab l e  i n  the cons truc tion and petro leum indus tr i e s  
shou ld be uti l i z ed throughout a l l  pha s e s  of the p l anning , engineer ing , 
cons truction , and admi n i s tration of a s e cur i ty s torage program . 

CONSTRUC TION 

Ex is ting techno logy wou ld be emp loyed in the con s truct i on of 
salt dome storage fac i l i ties and , therefore , p lanning , de s ign and 
cons truc tion e f forts should be initiated as s oon as any neces sary 
enabl ing legi s l at i on or executive orders are f i n a l i z ed . However , 
approximate ly 4 years wou ld be required from the beginning of pro j ect 
organ i z ati on to the t ime the f i r s t  s torage c averns are ava i l ab l e  for 
f i l l . Cons idering the time required to cons truct s torage and logi s ­
tical faci l i ti e s , i t  i s  un l ikely that any s i gn i f i cant vo lume o f  crude 
oi l in s ecur i ty s torage could be ava i l ab l e  unti l 5 years a f ter i n i t i ­
ation of the program . Therefore , s teps toward providing s u c h  s torage 
should be s tarted at the ear l i e s t  po s s ib l e date . One s tep , already 
under taken by th e government has been the l e t t i ng of contracts for 
s i te- spec i f i c  eng ineer ing , cos t , log i s t i c a l and environmental s tud i e s  
of Gu l f  Coas t s a l t  dome s . The s e  contract s ,  a l ong wi th r e l ated consul­
tant repor ts , s hou ld be completed by ear ly 1 9 7 6  and shou l d  help form 
the b as i s  for a f f i rmative action by the Feder a l  Government . 

Lead t ime for equipment or des ign dur ing the con s tructi on pha s e  
o f  the program c a n  b e  shortened b y  use o f  ex i s t ing authori t i e s  under 
the Defen s e  Product ion Act . Prov ided in that act is the power for 
the Federal Government to preempt order s for materi a l s  ne c e s s ary for 
construct ion of nationa l de fense pro j ect s .  S ince a security s torage 
sys tem is c l ear ly a program for the de fen s e  of the Nation ' s  economic 
we ll -be ing , as  we l l  a s  a program contribut ing to the Nation ' s  mi l it ary 
defen se , mater i a l s  ava i l ab i l i ty should not be a l l owed to de l ay the 
complet ion of the approved proj ect . S imilarly , acqu i s i t i on of l and 
for s torage f ac i l i t i e s ,  acce s s  to salt dome s , and log i s t i c a l  f ac i l i ti e s , 
inc luding por t s  and pipel ine rights o f  way , could be expedited by 
federal action . Feder a l  preemption of l and u s e  author i ty and r e s pon s i ­
b i l i ty through the exer c i s e  of the righ t  o f  Eminent Domai n  i s  cons i s tent 
with the ob j ectives of the s torage sys tem , and has prec edent in other 
energy rel ated pro j e c t s  such as hydroe lectr i c  p l ants . 

ENVI RONMENTAL S TUDIES 

Of part icular importanc e in cons idering deve l opment o f  a secur i ty 
storage sys tem i s  the f act that s a l t  dome storag e  requ i r e s  no new 
technology and would be located in ar e a s  a l re ady contain ing s imi l ar 
fac i l i t ie s . The s c a l e  of the s ecur ity s torage· pro j ect i s  the only 
aspect to pre s ent spe c i a l  cha l lenges - -mo s t ly i n  the area o f  a s s ur i ng 
protection o f  the environmen t .  Here again , no new techn o l og i e s  are 
invo lved but the e f fe c t s  of l arge vo lume brine d i s po s a l  mus t  be 
thoroughly con s idered prior to commencement of con s truc t i on . 
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OBJ ECT I V E  

Formu l a t i on a n d  dec l arati on o f  
pol i cy .  

Safeguard i ng o f  env i ronmen t 

Acqu i s i t i on of sal t dome l an d  

TABL E  1 3  
S ECURITY STORAGE PROGRAM OBJ ECT I VES AND 

REQU I RED FEDERAL GOV ERNMENT ACT I ON 

ACT I ON 

Pa s s  enabl i ng l eg i s l ati on 
( emergency s torage bi l l ) 

( a )  Prepare draft and 
exped i te fi nal  E n v i ron ­
men ta l Impact Statemen ts 

( b )  Mon i to r  and enforce 
env i ronmen tal reg u l a t i o n s  

B Y  WHOM 

Congre s s  

Des i gnated Agency 

CEQ , EPA ,  NOAA , 
Fi s h  and W i l dl i fe 
Serv i ce 

( a )  Exped i te l and purcha s e  Des i gnated agency 
( b )  I ns t i tute condemna t i on , Attorney Gen era l 
emi nen t doma i n proceed i ng s  

MOT I VAT I NG LEG I SLAT I ON 

Emergency S torage B i l l  

Nati onal  Envi ronmenta l Protecti on 
Act , Cl ean Ai r Ac t ,  Federa l 
Water Pol l uti on Congrol Act ,  etc . 

Coa s ta l  Zone Ma nagemen t  Act of 
1 972 , Ma ri ne Mamma l s  Protecti on 
Act o f  1 972 , Mari�e Protect i on 
Research and Sanctuari es Act of 
1 972 , Endangered Spec i es  Act of 
1 97 3 ,  Offs hore S h r i mp Fi s he r i e s  
A c t  of 1 973 . 
Emergency Storage B i l l  

Acqu i s i t i on of p i pe l i ne r i g hts ( a )  Exped i te l and purchase  
( b )  I n s t i tute condemnat i on 
em i nent doma i n  proceed i ng s  

Des i gnated agency Emergen cy Storage B i l l  
Attorney Genera l 
Dept . of Tra n s porta t i on 
Offi ce of P i pel i ne 
Safety 

Ava i l ab i l i ty of port fac i l i t i es Authori ze , p l an and con tract Dept .  of Tra n s porta t i on 
for con stru c t i on of port 

· 

As surance of mater i a l  and 
suppl i es ava i l a b i l i ty 

fac il i ti es · 

Defen se pri ori t i es on 
materi a l s 

Sel ected Agency 
Genera l Serv i ces 
Admi n i s tra ti on , Dept . 
of Commerce . 

Defense Producti on Act ,  Federa l 
Pro perty and Adm i n i s trat i ve 
Serv i ces Act o f  1 949 
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TAB L E  1 3  ( CONT ' D . ) 

OBJ ECT I VE 

Leach i ng wa ter acq u i s i t i on 

Bri n e  D i spo s a l  

I n terna t i on a l  Cooperati on , 
I E P  Agreement ; coord i na t ion 
etc . 

· 

Acqu i s i t i on of  o i l for fi l l i n g  
s to rage 
( 1 ) Naval  Petrol eum Reserve 
No . 1 ( a ) fu l l scal e 

devel opment  

ACT I ON 

Acqu i re perm i s s i on 
to d i s pose  of bri ne  

Pos s i b l e treaty 

Jo i n t resol u t i on of 
Congres s ;  n ew l eg i s l a t i on 

( b ) ded i ca t i o n  of o i l to s ecu r i ty 
s torage 

( 2 )  Roya l ty o i l 

( 3 )  Open market purc h a s e  by government  

Beg i n  drawdown 

Max i m i ze effecti ven e s s  
o f  d rawdown pol i cy 

Prov i de seaborne tran s porta­
ti on vessel s for o i l duri ng 
drawdown 

Forma l l y  dec l are 
emergency 

Al l ocate 
Aucti on 

} o i l 

tempora r i l y  Wa i ve Jones  
Act , if  necessary 

BY WHOM 

Sel ected Agency , E PA 

Sel ected Agency , E PA 

Congre s s  

Cong res s , Navy , 
I n teri or , FEA 

I nteri or Sel ec ted 
Agency 

Mon i tori ng  by FEA , 

Congres s ,  Pre s i dent 
or other a s  per 
l eg i s l a t i on 

Admi n i s trator 

Pres i den t 

MOT I VAT I N G  LEG I SLAT ION 

Mari ne Protec t i on Researc h ,  and 
Sanctua r i es Act of 1 972 , Federa l 
Water Pol l u t i on Con tro l Act ,  
R i vers and  Ha rbors Act o f  1 899 

1 974 I E P  Agreemen t  s i gned 

1 0 u . s . c . 641 

T i t l e 30 , Code of  Federa l 
Reg u l a t i ons , Part 225 , Mi nera l  
Lea s i ng Act of 1 920 , OCS Lands 
Act of 1 953 

Emergency Sto rage B i l l  

Emergency Storage B i l l  

Emergency S torage B i l l  

Jones  Act 



The completion of required environmenta l studi e s , there fore , is  
the f irst and most important s tep to be taken by the Federal Government . 
As stated earl ier , the engineering and technical. knowledge i s  ava i lab le 
and demonstrated to construct s alt dome s torage proj ects in an 
environmental ly ac ceptable manner . Environmenta l Impact S tatements 
( EI S ) , as required by the Nationa l Environmenta l Policy Act of  1 9 6 9 , 
could and should therefore proceed immediate ly . Pub l i c  participation 
should be s o l ic ited early in the deve lopment of such studies  to 
ensure the acceptabi l ity of procedures cons idered . As more than one 
storage proj ect i s  des irable for logistical and economic reason s , a 
generic or multi- s ite EIS  should be prepared and approved first with 
s ite- spec i fic  deta i l  provided via the final eng ineering and geological 
studies . 

I f  the Federal Government wi shed to expedite the di s charge of 
the above re spons ibi lities , some overlapping of proj ects could be 
emp loyed . For example , generic E I S  work could beg in immediate ly 
under executive order , whi le enab ling leg is lation was in preparation . 
S imi larly ,  s ite- spec i f ic eng ineer ing cou ld begin under government 
contract for input into the EIS  studies and use by construction 
contractors .  Cons i s tent with the ob j ective o f  reduc ing the time of 
completion of s ecurity storage , applications for brine discharge 
permits should be made promptly after approval of the s ite- spec ific 
EIS . 

ELK HILLS 

If it is determined that produc tion from NPR- 1 is to be used 
for f i l l  or financ ing o f  the program , deve lopment o f  E lk H i l l s  to 
its maximum e f f i c ient rate (MER) should beg in immediate ly . Under 
current statute s , E lk H i l l s  could not be produced unles s a j oint 
resolution of Congre s s  and the approval of  the Pre s ident are obtained . 
Such action , either directly or indirectly ( i . e . , through new 
legi slation) , would ass i st the overall  proj ect both through time ly 
avai labi l ity of f i l l  and through timely determination o f  the logi stical 
requirements of  the proj ect . An additional log i s tical cons ideration 
would be to accelerate development of proposed deepwater port fac i l ities . 
I f  these faci l ities were de layed or cance l led , the engineering and 
logist ical conc lus ions may change . 

USE OF S ECURI TY S TORAGE PETROLEUM 

Regardles s of the ultimate form of a secur i ty storage program , 
the Federal Government wi l l  undoubtedly exercise strong initiatives 
in determining the re lease and use of the reserve in times o f  import 
interruption . While  the detai led trans action s  wou ld be made during 
the emergency , the nature and direction of  thes e  initiative s  can and 
should be determined prior to the emergency . S ince protection of 
the national economy i s  the primary rea son for e s tabl i shment o f  a 
security storage program , secur ity storage fac i l ities should be 
uti l i zed only after a declaration of an energy emergency by the Pres­
ident . Further , the government should require that all  other provi­
s ions of a national emergency preparednes s plan be implemented be fore 
security s torage supplies are called upon . 
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An e l ement o f  f ede ra l pre-p l anning for the u s e  o f  s e curity 
storage petro leum wou l d  be the determination o f  triggering mechan i sms 
whereby secur i ty reserves may be promptly r e l e a sed to ens ure continui ty 
of supp ly to consumers . Enabl ing l eg i s l ation shou l d  state the 
spe c i f i c  c onditions and procedure s under wh ich s ecurity storage 
stock s c an be ut i l i z ed . Wh i le a lag t ime of about 3 0  to 6 0  day s 
cou ld exi st f rom the on s e t  o f  an emergency s imi l a r  to that exper i enced 
in Oc tober , 1 9 7 3 , and the i n i t i a l  impact on the Un ited State s , 
natur al di s a s te r s  or mi l i t ary eme rgenc i e s  could oc cur such that 
rec eipt of supp l i e s  would be interrupted and no lag time would 
ex is t . For th i s  rea son the Pre s i dent shou ld be empowered to act ivate 
the ut i l i z ation mechan i sms of the secur i ty s torage program at h i s  
dis cretion . S i nce exped i tious movement o f  o i l out of  s e cur i ty s torage 
wi l l  be nece s s ary dur i ng an energy emergency , the P r e s ident shou ld be 
author i z ed to eng age ve s s e l s  not norma l ly permi tted in the coa s twi s e  
trade to tr ansport oi l cargoes between U . S .  por ts i f  required . Further ,  
he shou ld b e  empowered to modi fy admini s tration o f  the over a l l  program 
as future cond i t i ons warrant . 

Another key e l ement o f  feder a l  pre-p lanning invo lve s the manne r 
in wh i ch s ecur ity storage o i l  i s  entered into the N at ion ' s  l og i s t i c a l  
sys tem . Because o f  the s heer complex i ty o f  the sy s tem and the 
number of individua l s  and compan i e s  invo lved , the expert i s e  o f  
individua l ' s  knowl edgeab l e  in petro leum re f ining and d i s tr ibut ion i s  
es sent ia l .  Under the National P l an for Energy Preparedne s s  ( 1 9 6 4 ) 
the Pre s i dent promu lgated a p l an for the e s tab l i shment , s t a f f ing and 
training of the Emergency Petroleum and Gas Admi ni strat ion ( EPGA )  . 
E.PGA ' s primary func tion in a decl ared national emergency i s  to 
a s s i s t , coord inate and d i rect , when nece s sary , act ivit i e s  of the o i l  
and gas indu stry t o  a s s ure that dome s t i c  and foreign s upp l ie s  o f  
petroleum meet e s s en t i a l  mi l itary and c iv i l i an needs . Cent r a l  t o  
EPGA ' s e f fectivene s s  i s  i t s  s ta f f ing a t  a l l  l eve l s  with vo lunteer s 
from the petroleum and gas indu s try . During the 1 9 7 3 - 1 9 7 4  embargo 
it be came c l ear that because of con f l i c t- of- intere s t  and ant i trust 
statute s ,  indu s try pers onne l would not be abl e  to respond to the 
government ' s  request to s ta f f  the Energy Allocat i on P l ann ing Task 
Force or the O f f ice of Petroleum Allocat ion . To obviate such prob lems , 
prompt revi ews should be made o f  a l l  legal imped iments to the use o f  
experienced industry personnne l .  Enab l ing leg i s lat ion shou l d  inc lude 
c lear provis ions to wa ive con f l i ct-of-inte r e s t  and ant itrust restri ctions 
to permit nece s s ary use o f  qual i f ied personn e l  during an emergency . 
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CHAPTER VI 

INTERNATIONAL ASPECTS OF SECURITY STORAGE 

Secur ity storage of petroleum in the United S tates i s  a matter 
of international commitment and obl igation in addit ion to being a 
matter of national security . The requirements for storage have not 
been fina l ly establi shed for international agreement , but the NPC 
recommends that the Uni ted States expeditious ly implement a p lan for 
the deve lopment of an emergency petroleum security storage sys tem to 
store init ially 5 0 0  MMB of produced crude . 

Average medium case total crude and product imports are proj ected 
at 8 . 1  MMB/D , with average medium case crude imports at 5 . 5 MMB/D , 
between 1 9 8 0  and 1 9 9 0 . ( 1 ) It  i s  estimated that in the 1 9 8 0 ' s  emergency 
conservation measure s could reduce petroleum demand in the United 
State s by 1 . 0 to 1 . 1  MMB/D , leaving a net shortfall  of 4 . 4  to 4 . 5  
MMB/D if  there were a total crude oil denia l , and about 7 . 0  to 7 . 1  
MMB/D in the event o f  a total  petroleum imports denial . A 5 0 0  MMB 
secur ity storage supply could , therefore , protect against a total 
imports denial of about 7 0  days and a crude oil only total denial of 
about 110 days . Depending upon the ba ses  assumed and computational 
techniques employed , a variety of  security storage vo lume s can be 
calculated . Although the exact leve l of  security storage i s  d i f f i cult 
to define , it appear s that a reasonable volume of United State s 
security . storage i s  5 0 0  MMB ,  which i s  commensurate with the leve l 
planned by other consuming countries . 

The mos t  recent and signi f icant international ob ligation of  the 
Uni ted States results from participation in the International Energy 
Program ( IEP ) Agreement s i gned off icially on November 1 8 ,  19 7 4 ( 2 )  at 
the first meeting of the International·  Energy Agency ( IEA ) . The IEA 
is an autonomous agency operating under the framework of the Organi z ­
ation for Economi c Co-operation and Deve lopment ( OECD ) . The ob j ective 
of the IEP Agreement , as embodied in the IEA , is to deve lop an organ­
iz ation to ef fect an order ly international respons e  by members to pe­
troleum supply interruptions . The main provi s ions of the IEP Agree­
ment are : 

• Emergency S e l f-Sufficiency--required minimum leve l s  o f  
stored reserves 

• Demand Res traint--predetermined programs for contingent 
oil demand re straint 

( 1 )  Emergency Preparednes s  for Interruption of Pe tro leum Im­
ports into the Uni ted States , September , 1 9 7 4 , Table 2 1 , 
Page 5 9 . 

( 2 )  S i gnatories to the International Energy Pe troleum ( IEP ) 
Agreement now are Aus tria , Be l gium , Canada , Denmark , Wes t  
Germany , I reland , I taly ,  Japan , Luxembourg ,  Ne therlands ,  
New Zealand , Norway , Spain , Sweden , Swi tz erland , Turkey ,  
United Kingdom , and the Uni ted State s . 
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• Al locat i on- -sharing of o i l  when suppl i e s  are curtailed and 
the attendant mechani sms to activate the se measure s .  

Positive action by the United States to develop a s igni fi cant 
petro leum security s torage system would ful f i l l  our obl igation under 
the agreement , would he lp to accomp l i sh the IEP/IEA obj ective s , and 
could result in more favorable re so lution of other IEP/IEA re lated 
matter s .  The United States obl igation for emergency res erves results 
from our agreement under the IEP to maintain emergency reserve s 
suf fic ient to sustain consumption for at least 6 0  days with no net 
oil imports based on the average dai ly consumption leve l o f  the 
previous calendar year . The governing· board wi l l  determine the date 
on which emergency reserve requirement s wi l l  be �aised to 9 0  day s . 
Emergency reserve commitments may be satis f ied by o i l  stocks , fue l  
switching capac ity o r  stand-by o i l  production t o  an extent whi ch 
remains to be determined . Emergency reserve s tocks are to be measured 
by the IEA according to definitions drawn large ly from OECD and 
European Economic Community ( EEC ) def initions . A compar i s on o f  
def init ions re lated t o  petroleum stocks i n  the United S tate s and 
IEA ,  as we l l  as suggest ions by the NPC for stocks to be included in 
calculations of u . s .  requirements , is presented in Table 1 4 . 

Security Storage in the United States 

S ecurity storage requirements for emergency petroleum reserves 
in the United States  are not fully comparable with mos t  European 
requirements or the IEP def init ions . In 1 9 7 4 , the United State s ' 
indigenous crude oi l and natural gas production suppl ied a lmost 6 3  
percent o f  petroleum demand . ( 3 ) The United S tates i s  also  much 
larger geographical ly and requires a much higher l eve l of working 
stocks to remain operable . Thi s  situation d i f fers from that in the 
European countries and Japan which are a lmost solely dependent on 
imported petro leum , but which have relatively more compact log istical  
systems with smal ler volumes of  unavai lable stocks . Also , European 
agreements general ly allow no more than a 15 percent deduction from 
total o i l  demand for domestic production- - a severe l imitation i f  
app lied t o  the United States . 

Table 15  i l lus trates the impact of alternative bases for calcula­
ting s torage requirements . Case I includes net adj us tments to petro leum 
stocks as suggested by the NPC . When minimum operating inventory 
leve l s  for crude o i l  and ref ined products are evaluated rea l i stically , 
the adj ustment i s  over 8 0 0  MMB more than IEA de finitions . At the 
current leve l of imports and stocks , as we l l  as at the proj ected 
1 9 8 5  level , about 5 0 0  MMB of additional storage is required to 
provide for protecti on against a total crude and product import 
interruption for 9 0  days . 

The IEA definitions used in Case I I  indi cate that the United 
States has surplus s torage capacity today and in 19 8 5 , on the bas i s  
that only the vo lume of net imports mus t  be " protected . "  From the 
IEA definitions of what cons titutes reserves , it would appear that 

( 3 )  Based on AP I 19 7 4  prel iminary figure s . 
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TABLE 1 4  

COMPARISON OF REPORTED PETROLEUM STOCKS 

STOCKS I NCLUDED 

Crude O i l , Majo r  Products and Unf i ni shed 
O i l s  hel d :  

I n  Refi nery Tan ks 
I n  Bu l k Termi na l s 
I n  P i pe l i nes 
In P i pel i ne Tankage 
In Barges 
I n  I ntercoasta l  Tankers 
In Truc k and Tan k  Cars 
In O i l Tankers i n  Port 
In Seago i ng S h i ps Bunkers 
I n  I n l and Sh i p  Bun kers 
I n  Storage Tan k  Bottoms 
I n  Work i ng Stocks { 4 ) 

I n  Serv i ce Stat i ons a nd Reta i l  Stores 
By Large Consumers as Requ i red by Law 
By Other Consumers 
In Tankers at Sea 
Mi l i tary Stoc ks 
Crude Oi l Not Yet Produced 

AS REPORTED BY  
U . S .  { 1 ) l EA 

Yes Yes 
Yes { 3 )  Yes 
Yes No 
Yes Yes 
Yes Yes 
Yes Yes 
Yes No 
NA Yes 
Yes No 
Yes Yes 
Yes Yes 
Yes Yes 

No No 
No Yes 
No No 
No No 
No No 
No No 

AS 
SUGGESTED 

BY NPC { 2 )  
FOR U . S .  

Yes 
Yes 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 

No 
No 
No 
No 
No 
No 

( 1 ) U . S .  Bureau of Mi nes , Mi nera l  I ndustri es Survey , Monthl y and Ann ua l  Petro­
l eum Statements . 

( 2 )  NPC defi n i t i on refl ects mi n i mum operati ng  l eve l , whi ch i s  the s um total of 
unava i l abl e i nventori es , work i ng stocks and i s  the s tock l eve l con s i dered 
necessary for conti nu i ty of operat i ons . For deta i l ed d i scuss i on of mi n i mum 
operati ng i nventori es see NPC Petrol eum Storage Capac i ty ,  September 1 0 ,  
1 974 , Page 4 . 

( 3 )  Above 50 , 000 barre l  capac i ty .  
( 4 )  Mi n i mum quanti t i es for cont i n uous proces s i ng ,  bl endi ng , handl i ng ,  and d i s ­

tri buti on of crude and products . 
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CASE I ( NPC DEF I NED ADJUSTMENTS ) 

Cu rrent Stocks and  Imports 

Projected Stocks and Impo rts - 1 985 

CASE I I  ( I EA DEF I NED ADJ USTMENTS ) 

Current Stocks and Impo rts 

Proj ec ted Stoc ks a nd Import s - 1 985 

TOTAL 
STOCKS 

MMB 

1 , 074 ( 1 ) 

1 , 1 27 ( 4 )  

TOTAL 
STOC KS 

MMB 

1 , 07 4 ( 1 ) 

1 , 1 27 ( 4 ) 

TABLE 1 5  

N ET 
ADJU STMENTS U . S . EMERGENCY 

( N PC D EF I N I T I ON )  RESERVE BAS E  

( 934 ) ( 2 ) 1 40 

( 9 3 4) ( 2 ) 1 93 

N ET l EA EMERGENCY 
ADJ USTMENTS RES ERV E BASE 

( 1 02 ) ( 6 ) 
1 1 2 ( 7 ) 977 

( 1 07 ) ( 8 ) 

( 1 02 ) ( 6 ) 
1 1 2  � 7 � 1 , 024 

( 1 1 3 ) 8 

D�reau of Mi nes , Month l y  Petro l e um Statement , Decembe r ,  1 974 . 

DA I LY DA I LY 
I MPORTS I MPORTS 

MMB/ D EQU I VALENTS 

6 . 2 ( 3 ) 23 

8 . 4 ( 5 ) 23 

DA I LY DA I L Y  
IMPORTS I MPORTS 

MMB/D EQU I VALENTS 

6 . 2 ( 3 ) 1 58 

8 . 4 ( 5 ) 1 22 

ADD I T I ONAL STOCKS 
REQUI RE D  MMB 

90 1 80 
Day Supp l y  Day S uppl y 

41 8 976 

563 1 , 3 1 9 

ADD I T IONAL STOCKS 
REQU I RE D  MMB 

90 1 80 
Day S upp ly Day S upp l y 

Excess  
41 9 1 39 

Excess 
268 488 

( 2 ) NPC esti mates of mi n i mum operati ng i nventory l evel s i ncl u d i nq :  crude o i l - - 240 MMB , pri nci pal  refi ned produ cts- -460 MMB , 
other refi ned products - -234 MMB . 

( 3 ) AP I prel i m i nary 1 974 data , January 26 , 1 975 . 
( 4 ) 1 985 s toc ks proj ected from NPC Petro l eum Storage Capac i ty ( 1 985 days s u p p l y  trend x proj ected dema nd ) . 
( 5 ) NPC , Emergency P reparedness  for I nterrupti on of Petro l eum Imports i nto the U . S . , September 1 0 ,  1 974 . Med i um Ca se , 

Tabl e 2 ,  Page 1 1 . 
( 6 ) P i pel i n e  fi l l - -NPC  Petro l eum Storage Capac i ty, September 1 0 ,  1 974 . 
( 7 ) Stoc k hel d by Uti l i ti es , FPC , December ,  1 974 . 
( 8 ) 1 0% reducti on req u i red by I EA defi n i t i o n  u nt i l  u na va i l a bl e s toc k cal cul ati ons  are agreed upon by members . 



the u . s .  already has the required amount of emergency res erves . Thi s  
is  mi s leading i n  that it does not recogni z e  the need t o  keep the o i l  
logi s ti c  sys tem operating e f f i c i ently . A s  shown in  Case  I ,  it  i s  
estimated that readi ly avai lable s tocks of crude and products in the 
U . S .  cover only 23 days of average annual net imports , not the 1 5 8  
days implied by the IEA def i nitions used i n  Case  I I . 

We stern European Experience 

Mos t  European countries  have little , if any indigenous produc­
tion and mus t  import mos t  of their requirements , and tho s e  countr ies 
having indigenou s production are dependent on imports for the maj or 
portion of thei r  petro leum requirements .  Obl igation s  to mainta in 
emergency reserves ex i s t  either by law or by gent lemen ' s  agreement 
in all European countries  except Austria and Greece . Compulsory 
storage of petroleum products e s tabl i shed under the EEC dates back 
to 1 9 6 8 . Guide l ine s in it i a l ly provided for a minimum inventory of 
65 days of the previou s year ' s  domestic  consumpt ion , but were later 
increa sed to 9 0  days to be e f fective by January , 1 9 7 5 .  Although 
thi s  goal was not attained by most of the member countri e s , s ome 
have already attained in exce s s  of 1 0 0  days o f  inventory and others 
plan to attain inventory leve l s  of 12 0 days in the near future . 
Stocks in We stern Europe now average about 7 5 - 8 0  days although they 
vary sub stant i a l ly from country to country . 

EEC compulsory s torage ob ligations are genera l ly set  under the 
form of a minimum s tock leve l to be avai lab l e  at any time and expres s ­
ed in terms of days of the previous year ' s  inland consumption of maj or 
petro leum products (motor gasol ine , avi ation fue l s , d i s t i l late , and 
fuel oi l ) . The ob ligation applies to each maj or product individually 
and inc ludes normal working inventories , some o f  which are not 
avai lable for use . Substitution of crude oi l for products i s  allowed 
either according to a refinery yield or on the bas i s  of a number of  
speci fied substitution factors . In some European countr i e s , product s 
from indigenous product ion may be credited agains t  emergency reserve 
requirements to an extent not exceeding 1 5  percent of the o i l  products 
consumed dur ing the previous year . 

Whi le some European countries have a s igni ficant amount o f  
aboveground storage i n  steel tanks , much of  the security inventories 
are contained underground in salt beds or mined c averns . On the 
i s sue of f inanc ing , pos itions vary from country to country . The 
maintenance of storage fac i l ities  and product inventori e s  always 
entails  a cons iderab le financial  burden . Thi s  burden has been 
magnified by soaring cons truction costs and the tremendous increase 
in oi l prices . Solut ions to these  probl ems vary from country to 
country . In a free market economy l ike We st Germany , there are no 
special f inanc ial  provi s i ons as it is a s s umed that market conditions 
wi ll al low the compani e s  to recoup the costs incurred . In some 
countries where pric e s  are controlled , a l lowance s  are inc luded in 
determining ce i l ing price s . In a few countri e s , Denmark , Sweden and 
Switz erland , for examp le , government sponsored programs take over 
the f inancing burden in whole or in part . 
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In summary , there i s  a multitude of  security s torage programs 
existing throughout the world as part of different nations ' energy 
emergency preparedness plans . In view of the experience of the se 
countries and with due cons ideration of the various aspect s  o f  a 
United S tate s secur ity petro leum storage , the NPC recommends that 
the Un ited State s expeditious ly imp lement a p l an for the deve lopment 
of a se curity storage program to initially store 5 0 0  MMB of produced 
crude . Thi s  vo lume i s  consistent with the Nation ' s  commitments 
under internat iona l agreements . 
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APPENDIX A 

United States Department of the Interior 

Dear Mr . T rue : 

OFFICE OF THE SECRETARY 
WASHINGTON, D.C.  20240 

DE C 5 � Fr12 

The United State s i s  in a period of rapidly inc r e a s ing dependence on 
impo rte d  petrole um. A s s o ciated with thi s dependency is  the high 
ri s k  involved to the Nation ' s  e conomic well -being and s e curity in 
the event the s e  ne eded, impo rted ene rgy supplie s  a r e  inte r r upted 
fo r any r ea s on. With such an alarming tr end it b e come s mandato ry 
that the Nation' s eme r g ency prepa r e dne s s  prog ram to insure supply 
of petr oleum be improve d  without delay. 

Ove r the pa st yea r s , the Council ha s provided the D epa rtment of 
Inte rio r with many outstanding studie s which have contributed dire ctly 
to preparedne s s  fo r a national eme r gency. The C ouncil ' s  r e cent 
compr ehens ive ene rgy outlook study indicate s national policy options 
which will minimiz e  dependence on impo rted petroleum ove r the long 
te rm. Howeve r ,  the study doe s  not examine and evaluate alternative s ,  
po s s ible eme r g ency actions and the re s ults of such a ctions in the event 
of a temporary denial o r  ma rked r e duction in the volume of impo rted 
petroleum available to the Nation during the next few yea r s  ahead. 

The Council i s  the r efo r e  reque sted to make a c omprehens ive study and 
analysis  of po s s ible eme r gency supplements to or alte rnative s fo r 
impo rted oil, natural ga s liquids and products in the event of inte r ­
ruptions to cur r ent levels of import s  o f  the s e  ene r gy s upplie s .  Whe r e  
po s sible , the r e s ults o f  eme rgency mea sure s o r  a ctions that c ould 
be taken befo r e  or during an eme r g ency under p r e s ent conditions should 
be quantified.  Fo r the purpo s e  of thi s study only, a s s ume that cur rent 
levels of petrole um imports to the United State s a r e  r e duced by denial 
of (a ) I .  5 million ba r rels pe r day fo r a 6 0 -day pe riod, and (b ) 2. 0 
million barr els per day for a 9 0 - day pe riod. 

Of pa rticula r inte re st are supplements to no rmal dome sti c  s upply such 
a s :  the capability for eme r g ency inc r ea s e s  in production, p r o ce s s ing , 
transpo rtation and related storage ;  the ability to provide and maintain 
an eme r gency storage capability and invento rie s ;  inte rfuel sub stitution 
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or conve rtibility of primary fuels in the maj o r  fuel consuming s e ctor s ; 
s ide effe cts of abno rmal eme rgency ope rations ; gains in supply from 
varying levels of curtailments , rationing and cons e rvation measur e s ;  
gains from temporary r elaxation of environmental r e strictions ; a s  
well a s  the constraints , if any, impo s ed by deficient support capa ­
bility if an extraordina r y  demand o c curs fo r manpowe r ,  mate rials , 
a s s ociated capital r e quirements and ope rating expens e s  due to eme r ­
gency mea sur e s .  

Such studie s s hould b e  completed a s  s oon a s  practicable , with at 
least a preliminary repo rt pre s ented to me by July 1 9 7 3 . 

Mr . H. A. T rue,  Jr . 
Chairman 
National Petr oleum Council 
1 6 2 5  K Str e et, N. W .  
Wa shington, D .  C .  2 0 0 0 6  

Sincerely your s ,  

Hollis Mo Dole 

Assistant S e c r etary of the Interior 
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Uni ted States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C.  20240 

In Reply Re fer to : 
MOG 

Dear Mr . True : 

In our letter to you o f  December 5 ,  19 72 , we asked that the 
National Pe troletun Council make a comprehens ive s tudy and analys is 
of  pos s ib le emergency supplements to or al ternatives for imported 
oil , natural gas liquids and products in the event of interrup­
tions to current levels of  imports o f  these  energy supplies . We 
are pleased that the Council has agreed to undertake this s tudy . 

Our reque s t  letter set  out s everal asstunptions regarding petro letun 
supply leve ls which we now believe require clarification . Rather 
than asstuning a reduction in petro letun imports to the United States 
of (a) 1 . 5  mi llion barre ls per day for a 60-day perio d ,  and (b ) 2 . 0 
mil l ion barre ls per day for a 90-day period , i t  would be  more us e ful 
to asstune a denial of (a) 1 . 5 million barrels per day for 90 days , 
and (b) 3 . 0  million barre ls per day for a period o f  6 months . It 
is anti cipated that the Committee wil l  cons ider the current and 
predicted mix between crude and produc t imports in determining 
the impact of  the asstuned denials .  

We wish to reaffirm that a pre liminary report should be  submitted 
by July 1973 . 

Mr . H. A .  True , Jr . 
Chairman 
National Petroletun Council 
1625 K Street , N .W .  
Washington , D .  C .  20006 

Sincere ly yours , 
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United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C.  20240 

Dear Mr . Swearingen : 

DEC 3 1 1974 

Thank you for your summary report of S ep tember 10 , 1974 , ent itled 
Emergency Preparednes s  f o r  Interrup t ion of Pe troleum Imports into 
the Uni ted S tates . That rep ort c learly out lines the o p t ions avail­
ab le to the U . S .  in the event o f  a future denial of imp o rted p etro­
leum . Of particular int eres t to the Dep artment o f  the Interior is 
your recommenda tion for the immediate development of an emergency 
petroleum security s torage sys tem . 

The United S tates is now in the posit ion where it needs to move 
decis ively and p romp tly in this mo s t  cri tical area o f  nat ional s e cu­
rity . It is , there fore , reque sted that the Council under t ake as a 
matter of ur gency a s tudy o f  the maj o r  fac t or s  involved in the im­
p lementation o f  a securi ty storage sys tem s imilar to that recommended 
by you in your summary r eport of Sep temb er 10 . 

Your analysis should include , but no t necess arily be limi t e d  to , dis­
cus s ions of ; the op timum s ize o f  the security s t orage sys tem in terms 
o f  to tal volume and deliverabi lity ; the alternative s available for 
providing this s to rage as expedi tiously as p o s s ible ; the financing 
problems which c ould be expected to arise ; the sources and typ es of 
fill for the s torage ; and Federal actions that could a s s i s t  in expedit­
ing the development o f  the security s torage sys tem as well as Federal 
actions that might de ter development . In addition your analy s i s  should 
include discus s i ons of the relative needs for crude versus p roduc t  
storage and any sp ecific geo graphical , logis tical or environmen t al 
p roblems which you would anticip ate to be enco untered were the Nation 
to be confronted with ano ther energy emergency . 

It would be mos t  us eful if your report would include analyses o f  b o th 
the 5 00 million barrel s t o rage system recommended in your S ep temb er 10 
report and with a build up to a one billion barrel s torage sys tem . 
These sys t ems should be analyzed on two bases ; ( 1) normal development 
consis tent with the obj ective o f  minimiz ing costs and (2) rap i d  

Save Energy and You Serve A me rica! 
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2 .  

development b as ed on minimiz ing t ime to completion . With resp e c t  
t o  the later cas e ,  critical materials p roblems should b e  identified . 

Such s tudies should be c ompleted as s o on as p ract i cable with a re­
p ort submi tted to me by May 1975 . 

Mr . John E .  Swearingen 
Chairman 
National Petroleum Council 
1625 K S treet , N. W. 
Washington, D .  C .  20006 

S incer ely yours , 

o f  the Interior 
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NATIOHAL PETROLEUM COUNCI L  
COMMITTEE ON EMERGENCY PREPAREDNES S  

CHAIRMAJ.� 

Carro l M .  Bennett 
Chairman of the Board 
Texas Pacific Oil Company , Inc . 

VICE CHAIRMAN 

M . A .  Wright , Chairman and 
Chief Executive Officer 

Exxon Company , U . S . A .  

EX OFFICIO 

John E .  Swearingen 
Chairman 
National Petroleum Counci l  
c/o Standard O i l  Company ( Indiana ) 

COCHAI RMAN 

Jack W .  Carl s on 
As s i s tant Secre tary - - Energy and 

Mineral s  
U .  S .  Department o f  the Interior 

SECRETARY 

Kenneth E .  BeLieu 
Executive Director 
National Petroleum Counci l  
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Coll i s  P .  Chandler ,  Jr . 
Vice Cha irman 
National Petroleum Counci l  
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SPECIAL ASS I S TANT TO THE CHAIRMM� 

Harry Green , General Manager 
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Texas Paci fic Oi l  Company , Inc . 

z .  D .  Bonner ,  Pre s ident 
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H .  Bridges , Pre s ident 
Shell Oil Company 

Kent Gi ll , P re s i dent 
Sierra Club 

Richard J .  Gonzale z 

Maurice F .  Granvil l e  
Chairman o f  the Board 
Texaco Inc . 

Jake L .  Hamon 
Oil and Gas P roducer 

H .  J .  Haynes 
Chairman of  the Board 
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* * 
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Corporate Finance 
Blyth Eas tman Dil lon & Company , 

Inc . 
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George F .  Ki rby , Pres ident 
Texas Eas tern Transmi s s i on 

Corporation 

Wi l l i am A .  Lockwood 
Senior Vi ce Pre s i dent 
Firs t National City Bank o f  

New York 

W. F .  Martin , Chai rman 
Phi ll ips Petro leum Company 



Harol d  M .  McC lure , Jr . 
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APPENDIX D 

SUGGESTED QUEST IONS FOR REFINING INDUSTRY SURVEY 
OF RES IDUAL FUEL OIL PRODUC IBILITY 

A qu es tionnaire s hould be completed by each re f i nery locate d  in 
PAD D i str i c t s  I and I I I  ( and other U . S . , E a s te rn Canadian a nd Caribbean 
ref iner ies to the extent po ss ible ) in order to evaluate re f i nery yield 
flexibi l i ty and futur e  abi l i ty to re spond to a heavy f ue l  oil s hortage 
in PAD I dur i ng an emergency s i tuation . D e ta iled que s t i o n s  and in­
structions fo r the completion of  the s urvey woul d be required to en s ure 
val idity and comparab i l i ty o f  da ta ; however, s ugge s te d  are a s  to be 
cover ed in such a que s t io nnaire are as fo l l ows : 

• What wa s your estimated maximum 1 9 7 4  year average crude refining 
capac ity and actual crude throughput? 

• What was your e s t imated maximum and actual 1 9 7 4  year average heavy 
fue l o i l  production? 

• What wa s your 1 9 7 4  average yield of heavy fue l o i l ( %  on crude 
throughput )  and estimated maximum yie ld? 

• What l imited your maximum 1 9 7 4  heavy fue l o i l  production capability? 
( e . g . , ref inery equipment , terminal fac i litie s , transportation 
fac i lities , crude ava i lability , fue l o i l  qual ity re s tric tions , 
other product considerations , market demand , economic factors , etc . ? )  

• What i s  your forecas ted 19 7 8  year average crude re f ining capacity? 

• What i s  your estimated normal and maximum 1 9 7 8  year average heavy 
fue l o i l  producibil ity? 

• What i s  your expected 1 9 7 8  average and maximum yield on crude of 
heavy fue l o i l ?  

• What factor s constrain your estimated 1 9 7 8  maximum heavy fue l o i l  
production? 

• If product sulfur restrictions l imit your 1 9 7 8  fue l o i l  producibi lity ,  
what i s  your maximum production o f  low- sul fur fue l o i l and 
regular sul fur fue l o i l ?  How much additiona l  fuel o i l could be 
produced with a total relaxation of product sul fur re strictions ?  

• What addit iona l investment ( faci l ities and co s t ) would be required 
to increase your 1 9 7 8  maximum yield on crude of heavy fue l o i l by 
5 % ?  

• What volume of additional heavy fuel o i l  over the normal maximum 
stated above for 1 9 7 8  could be produced during an emergency s ituation 
wi th 9 0 -days not i ce a s suming cons tant crude throughput uti l i z ing 
security s torage crude and no additional maj or inves tment ?  What 
extraordinary s teps are involved? 
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